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Abstract
Development of the telecommunications industry has widely gained traction as one
of the mandatory strategies for social and economic development around the world.
Many governments have embraced major policy changes in the sector, particularly
market liberalization, privatization of incumbents and establishment of
independent regulatory authorities. These policies are based on the premise that
allowing private ownership in public utility industries, which telecommunications is
part of, would bring better management and increased efficiency, with subsequent
benefits for the consumer. As a result of such policy reforms Sub-Saharan Africa
experienced a surge in annual telecommunications investment from only USD 2.7
billion in 2000 to USD 12 billion in 2010, which accounted for 95 percent of all
infrastructure investments with private participation in the region in 2010.
Consequently, the penetration of telecommunications services also expanded; most
notably, mobile phone penetration reached 60 percent in 2012 from only 2 percent
in 2000 (Moshi, Mwakatumbula, and Mitomo, 2013).
Such sectoral growth can be attributed to an increase in the factors of production,
particularly capital and labour, and productivity gains. Countries with highly
efficient industries are expected to create greater surplus in terms of higher value
added due to efficient utilization of both capital and labour. The created surplus is
distributed to consumers in terms of lower prices, to employees in higher
remuneration and to owners in higher profits, which in turn stimulate consumer
demand and encourage further investment. Thus, it is in the interest of policy
makers, producers, and consumers, to create an environment that allows growth in
the sector’s productivity in order to spur socio-economic development (Moshi,
Mwakatumbula, and Mitomo, 2013). Despite increased productivity and efficiency
being among the fundamental premises expected to stem from telecommunications
policy reform, there is limited literature on efficiency in the telecommunications
sector, especially on the African continent. Most of the literature on
telecommunication policies deals with the effect of policy on investment and
adoption of various forms of telecommunications services, and the impact of the
telecommunications industry on economic development.
The aim of this thesis is therefore to empirically investigate the dynamics of
efficiency in the African telecommunications industry from 2000 to 2009. The
xvi
timeframe selected is important since it covers the period when African countries
were experiencing policy reforms in the telecommunications sector, as well as
tremendous growth in investment and adoption of telecommunications services,
particularly mobile phones. To this aim, this thesis will attempt to answer three
questions. First, what are the dynamics of productivity change? Has productivity
improved or deteriorated? And what are sources of the observed productivity
changes? Second, have the telecommunications industries of African countries
diverged or converged in terms of efficiency? More specifically, have these countries
grown apart or closer to each other in industry efficiency and penetration of major
telecommunications services such as fixed line, mobile penetration and the
Internet? This will establish whether the recent tremendous growth in the
telecommunications industry is widely distributed across countries in the continent
or it is skewed, leaving other countries undeveloped. Last, what are the
determinants of productivity growth in the African telecommunications industry?
The main method used in this study to measure efficiency is Data Envelopment
Analysis (DEA) and its variations. DEA is a non-parametric, deterministic
methodology that computes relative efficiencies of production units based on
empirical data. Data used in DEA consist of the combination of inputs and the
resulting outputs obtained by each production unit at a given time and technology.
Since each production unit performs differently in converting inputs to outputs, the
best performing production units are known to be the most efficient. These most
efficient production units define a production frontier, which is used as a
benchmark for the rest of the production units. Production units that are not in the
frontier are considered inefficient, and their inefficiency is measured by their
distance from the frontier. This method provides several unique advantages: first, it
does not need any functional form and allows multiple inputs and outputs.
Furthermore, price information, which can be very challenging to collect when
dealing with developing countries, is not required. Throughout this study, the data
used are sourced from 30 countries from a total pool of 54 African countries for the
period 2000 to 2009.
The first empirical part of this study analyses the dynamics of productivity change
in the African telecommunications industry. In particular two issues are being
investigated: first, whether productivity in the African industry grew or regressed
during the period 2000 – 2009. Second, the sources of productivity growth are
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determined. Particular attention is paid in differentiating growth from
technological progress such as from 2G to 3G mobile technologies and growth
resulting from technical efficiency, which refers to productivity gains following the
mastery of technology including learning by doing, improved managerial practices
or diffusion of new technological knowledge. The DEA-based Malmquist
Productivity Index and its decomposition are used to evaluate productivity change
and its sources. The results of this study show that the African telecommunications
industry has improved its productivity levels by an average of 18.7 percent per year;
however, most of the improvement was due to technological change at an average
annual growth of 21 percent while technical efficiency suffered a decline of 1.9
percent annually. Thus these results suggest that the African telecommunications
industry can further capture productivity gains by improving declining technical
efficiency.
Given policy reforms and the rapid growth of the African telecommunications
industry, the second part of the empirical evidence in this study focuses on
determining efficiency scores and analyses the convergence trends in the African
telecommunications industry. Two convergence concepts originating from
development economics are used. First, the presence of catch-up (or sigma)
convergence is investigated, that is, whether countries that were lagging behind in
efficiency in the telecommunications industry have been catching up with the better
performing countries. In other words, are the countries that made the frontier still
in the frontier, and the less efficient countries coming closer to the frontier? Or is
there instead leapfrogging (or beta) convergence, which means, countries which
were less efficient at an earlier time have become more efficient at a later time than
those which used to be the most efficient. That is, whether countries which were in
the frontier at the earlier time are no longer in the frontier at a later time. DEA is
used to calculate efficiency scores for each country while the coefficient of variation
and Theil index are used to test for catch-up convergence, and the Wilcoxon Signed
Rank Test and Ordinary Least Squares are used to test for leapfrogging
convergence. The results of the analysis show that, regarding efficiency in the
telecommunications industry, the African countries studied have experienced sigma
convergence, and there was no evidence of beta convergence. Further, in terms of
convergence in telecommunications services, all services - particularly mobile
telephony and Internet - have experienced both catch-up and leapfrogging
convergence. These results suggest that the proliferation of policy reforms in the
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African continent has reduced the gap in industry efficiency among countries as the
less efficient countries have improved in that they have moved closer to the efficient
countries in terms of performance. Furthermore, the gap between countries in the
penetration of telecommunications services has reduced, even at a faster rate
compared to industry efficiency.
In the third empirical part of the study the external environmental factors,
particularly policy variables that determine countries’ productivity growth in the
African telecommunications industry, are investigated, using the General Least
Squares (GLS) method. This analysis deepens the understanding on how country
specific characteristics, and in particular market structure and policies, affect the
direction and magnitude of productivity change. An econometric model is estimated
to test how productivity changes in accordance with output growth, market
competition of the international telecom operators, market liberalization, wealth
and market size. The analysis has found that growth of output and competition,
particularly among international operators, determines productivity changes.
Further, increase in output - especially Internet usage - increases productivity
growth. This is not surprising given the wide range of services that can be built on
the Internet infrastructure. On the other hand, market liberalization and market
size were not found to be significant in this model. In the case of market
liberalization, since liberalization is an essential condition for competition, the
effect of liberalization was presumably captured by the competition variable in the
model. Thus, this study shows that the presence of competition and increase of
subscribers, chiefly Internet users, have been important for productivity in the
African telecommunications market.
In order to evaluate the main developments in the efficiency of the African
telecommunications industry in the period during which the continent adopted
major sectoral reforms, this study analysed productivity changes in the African
telecommunications industry, their sources and determining factors. In addition,
convergence among countries’ efficiency levels was also investigated. The results of
the investigation suggest mainly four points in regard to efficiency in the African
telecommunications industry. First, the growth of the telecommunications industry
as a result of policy reforms has been accompanied with productivity gains. Second,
the efficiency gap in the telecommunications industry among African countries has
been reduced. Third, despite overall productivity gains, the continent only benefited
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from technological advancements and suffered from declining technical efficiency.
Lastly, competition has played a significant role in stimulating productivity growth
in the African telecommunications industry.
The results of this analysis provide some insights for policy makers in Africa
seeking to improve efficiency, especially for the countries that are lagging behind in
the development of their telecommunications industries. First, since this study
identified the most efficient countries in the continent, these being Senegal and
Kenya, therefore the less efficient ones, depending on their socioeconomic level of
development, are recommended to study the implementation policies of the most
efficient countries because they are more likely to be at similar development stage.
Second, as pointed out earlier, increase in output, especially Internet usage, highly
influences positive productivity changes. Therefore, African countries will likely
greatly benefit from increased Internet penetration. It is therefore imperative for
policy makers to devise strategies to stimulate the use of the Internet, as access
increases speedily with the increase of infrastructure (submarine cables, terrestrial
fibre networks, and 3G and 4G networks expansion). Third, African regulators are
advised to promote competition in the telecommunications markets, seeing that
companies and therefore industries in competitive markets tend to be more efficient.
Lastly, while Africa’s telecommunications industry has greatly benefited from
technological advancement to improve its productivity, countries are recommended
to aim for improvements in technical efficiency including management practices
and increasing technological know-how, to address consumers’ needs.
To conclude, this thesis investigated the dynamics of efficiency in the African
telecommunications industry during a time of proliferation of open market policy
reforms, said reforms being accompanied by high industry growth, especially for
mobile services. In particular the thesis determined efficiency scores and analysed
convergence among African countries; determined productivity growth and its
sources in the period under investigation; and last, determined mainly external
(policy and socioeconomic) factors that affect productivity growth in African
telecommunications markets. The results not only increase our knowledge about
developments of the African telecommunications industry, but also equip countries
to improve efficiency, and increase investments and penetration and usage of





1.1.1 Telecommunications Industry and the International Development
Agenda
At the dawn of the twenty first century, the global community described the
new century as “the century of science and technology”; this implied the
inclusion of science and technology in public life in such a way as to better
human life through increased employment, better public services, and
production of safer goods and services made accessible to the majority of the
world’s citizens. This phenomenon has grown further to include science and
technology in solving some of the most prominent global challenges, such as
climate change and poverty alleviation. The United Nations, working with
the global community, incorporated in the Millennium Development Goals
an eighth goal which aimed to institute a global partnership for development.
Of particular importance is the fifth special target: “in cooperation with the
private sector, [the development goal should be to] make available [the]
benefits of new technologies, especially information and communications”
through expansion of mobile phones and Internet use in the developing
world.
More recently, in 2010, the United Nations, through its sister organizations
the International Telecommunication Union (ITU) and the United Nations
Education, Scientific and Cultural Organization (UNESCO) set up the
Broadband Commission for Digital Development. This commission comprises
of industry leaders, senior policy-makers, government representatives,
international agencies and academics; its members convene to provide policy
leadership and advocacy of broadband in developing countries and
marginalized populations around the world 1 . More specifically, the
commission brings together various stakeholders to deliberate on and
promote broadband infrastructure roll-out, under the premise that
broadband services have the potential to help developing countries reach the
1http://www.broadbandcommission.org/about/Pages/default.aspx
2
millennium development goals and future their socioeconomic development
agenda. The commission has made it its mission to make broadband policy
universal, make broadband affordable, ensure homes are connected to
broadband and most importantly, ensure that people have access to the
internet and are engaged online.
Given this elevated role accorded to telecommunications in the modern
information or knowledge economy, policy makers in most countries are
increasingly devising national broadband policies. Examples of such policies
can be seen in the attempts of governments of countries such as Australia
and Tanzania to take the central role in building a nationwide high speed
broadband network. Such incidents show that indeed, telecommunications is
increasingly becoming one of the cornerstone strategies for poverty
alleviation, provision of social services, and in general, a critical tool for
development in the twenty first century.
1.1.2 Effect of Telecommunications on Economic Development
As part of the development impact of telecommunications, the penetration of
these services in both developed and developing countries has paved the way
for a new set of economic opportunities. This increasing influence of
telecommunications/ICTs in the modern economy can be observed in three
major ways. First, telecommunication services act as an enabler/supportive
sector to legacy sectors of the economy such as education, trade, agriculture
and manufacturing (Moshi, 2009). More specifically, the introduction of
telecommunications in these traditional sectors enables automation of
operations, expansion in the scale of operations, increase in monitoring as
well as delivery of additional access channels to the targeted population.
Hence, with implementation of telecommunications, legacy organizations
benefit from increased efficiency (Brynjolfsson and Hitt, 2003). Second,
there is the booming production of the telecommunications products
themselves, especially in network and user devices such as routers, base
stations, and mobile phones, as well as provision of telecommunications
services, from basic phone communications to advanced services such as
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broadband connectivity (Hameed Tahir, 2007). Third, telecommunications
infrastructure provides a platform for the creation of new businesses which
could not have been envisioned before. Representative instances of this are
the Internet and Internet-related services such as social networks, search
engines and online shopping portals. These benefits result in the creation of
employment for individuals, more choices, cheaper prices and increased
welfare for customers, and increased efficiency and profitability for firms;
hence, economic development for countries.
The penetration of telecommunications services has been shown to
contribute to the growth of income, especially in developing countries where
ICTs may be the only means and source of information compared to
alternatives that exist in developed countries (World Bank, 2009; Moshi,
2009). Figure 1.1 shows the results of a study by the World Bank concerning
the effect of penetration of various forms of telecommunications sector on
developed and developing economies.
Figure 0-1 - The Effect of penetration of telecom services on economic growth
World Bank: ICT4D 2009: Extending Reach and Increasing Impact
The growth measure indicated in the chart above shows the respective
growth of GDP for every 10 percent of additional total growth that can be
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attributed to each form of telecommunications service, namely fixed lines,
mobile phones, Internet and broadband, for each of the two country income
groups. The research points out that generally penetration of
telecommunication services will result in additional economic growth; more
specifically, penetration of advanced telecommunication services such as
broadband results in higher level of economic activities compared to basic
telecommunications services. In fact, for developed economies, penetration of
broadband results in three-fold higher economic growth compared with the
economic growth resulting from similar penetration levels of fixed line
networks. For developing countries, the impact of broadband on the economy
is twice as much as the impact from fixed line penetration.
Furthermore, the chart shows that the economic benefit from the
penetration of telecommunications services is higher in developing countries
compared with developed countries. One of the reasons is perhaps due to
higher inefficiencies in other infrastructures such as transportation, banking
and health systems in developing countries. Hence the telecommunication
services extensively reduce the information and transaction costs that are
often prohibitively high in developing countries.
1.1.3 Telecommunications in African Economies
Prior to 2000, the African telecommunications sector was predominately
defined by state-owned incumbents providing fixed line services
concentrated in urban centres, leaving the majority of the population living
in rural areas unconnected. During that time, there was no form of
telecommunication service that had achieved more than 2 percent
penetration across the continent. Between the late 1990s and early 2000s,
African countries began to embrace policy reforms in the telecommunications
sector. These policy reforms and technological advancements fuelled private
investment in the African telecommunication sector, observed in two waves
of massive investments in the industry (ITU, 2008). The first wave began
5
from the late 1990’s and concentrated on mobile telecommunications
infrastructure. In 2006, the second wave of private investment began, this
time focusing on data networks, especially network upgrades to third
generation mobile technologies, submarine fibre cables and most recently
terrestrial fibre networks. Markedly, the private investment in
telecommunications infrastructure in Sub-Saharan Africa as percentage of
total GDP increased to 1 percent in 2008, from only 0.3 percent in 2000
(Williams, M., Mayer, R., & Minges, M., 2011) and accounted for 80 percent
of all private infrastructure investment in the region in 2011 (Moshi,
Mwakatumbula, and Mitomo, 2013).
Consequently, mobile penetration increased from only 1.5 percent in 2000 to
63.5 percent in 2013. Further, mobile signal coverage increased from 17
percent in urban areas and almost inexistent in rural areas in 2000 to 90
percent and 50 percent for urban and rural populations respectively in 2010.
However, fixed lines have remained stagnant, hovering between 1.4 and 1.6
penetration rate. Recently, submarine fibre cables have increased the
bandwidth capacity in the continent from only 0.34 Terabits per second
(Tbps) in 2008 to 17.16 Tbps in 2011 as major submarine cable projects have
become operational. Thus, the developments in submarine fibre cables that
have made affordable international data connectivity possible, and upgraded
the mobile networks to third generation technologies deployed mostly in
cities, have unleashed the rapid growth of mobile broadband. In fact, mobile
broadband penetration in the continent has grown from only 0.1 percent in
2009, to 10.9 percent in 2013. Figure 1.2 depicts the penetration of different
forms of telecommunications services in the African continent between 2000
and 2013.
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Figure 0-2 - Penetration of telecommunication services in Africa
Source: ITU (2014b)
The African continent was a latecomer both in terms of telecommunication
policy reforms and industry development; nevertheless, the sector has
benefited in various ways by its being the last to develop its
telecommunications capacity. First, since the continent was the slowest to
undergo reforms in the telecommunications field, it adopted best practice
policies and technologies that had been tested elsewhere. Second, following
liberalization of the sector and promotion of regulated competition both in
infrastructure and services, most countries were able to attract foreign
private investment in the sector led by strategic telecommunication
operators that had ample experience through operations in other countries.
These firms had acquired a wealth of knowledge, strategies and human
resources, which could be easily deployed in new markets. In fact, as of 2010,
six strategic multinational mobile telecommunication operators were
providing services to 75 percent of all mobile users in the continent. Lastly,
as per Moore’s law, rapid advancements in technology drive the cost of
electronic equipment to decline sharply. The opening of telecommunication
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mobile infrastructure technologies, had been affirmed in other markets, and
hence had become feasible also in African markets.
Zooming in from African economic dynamism in general, it can be seen that
the telecommunications industry has played a crucial role in the economic
growth in the decade after 2000. Based on IMF data, in the past decade
(2000 – 2010), six countries in Africa, namely Angola, Nigeria, Ethiopia,
Chad, Mozambique and Rwanda, were among the world’s top ten
fastest-growing economies2 presenting average annual GDP growth ranging
from 7.6 for Rwanda to 11.1 for Angola (The Economist, 2011). For the whole
sub-Saharan Africa region, real GDP grew at an annual average rate of 5.7
percent, despite the 2008/09 financial crisis, making Africa the second region
behind emerging Asia with the highest economic growth in the same period.
For the following five year period (2011 – 2015), the IMF projects six African
countries to occupy the list of fastest growing economies.
During the same decade, the telecommunications industry grew remarkably
as private investments flowing into the continent increased in multiples as a
result of policy changes that enhanced open market environments, including
liberalization of markets, privatization of incumbent operators and
establishment of independent operators across the continent. The
telecommunications industry in Africa came to be one of the main sources of
government revenue through its increasingly greater contribution in the
nations’ GDP. In fact, the telecommunication sector has been the fastest
growing sector in most African countries (Waverman, Meschi and Fuss, 2005;
Materu-Behitsa and Diyamett, 2010). For example, in Nigeria, in spite of the
country’s heavy dependence on the oil industry, the share of revenue from
telecommunications to the country’s GDP increased from 0.62 percent to 3.66
percent from 2001 to 2009. Figure 1.3 shows telecommunications revenues
as a percentage of national GDP between 2000 and 2009 for five selected
countries, those being Kenya, Uganda, Nigeria, Rwanda and Senegal. For all
of these African countries, the share of telecommunication revenue has
increased from their 2000 levels. In the case of the Sub Saharan region, in
2009 telecommunications revenue represented 4.8 of GDP (Gruber and
2excluding countries with less than 10 million population and Iraq and Afghanistan
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Koutroumpis, 2010).
Figure 0-3 - Telecommunication Revenues as Percentage of GDP
Source: ITU Database (2011)
Despite the general acknowledgement that telecommunications
infrastructure spurs economic growth, there is limited literature to show the
empirical evidence for the claim exclusively for African countries. As part of
studies covering larger geographical areas, Waverman, Fusch and Fuss
(2005) and Gruber and Koutroumpis (2010) showed that even in Africa,
penetration of mobile phones resulted in higher economic growth. A more
specific study by Katz and Koutroumpis (2014) showed telecommunications
industry, especially mobile telephony, contributed to approximately 13
percent of the annual economic growth in Senegal between 2004 and 2011.
As for advanced telecommunications, particularly the Internet, Africa is at
an infancy stage with only 16 percent penetration of the Internet. Mobile
telecommunication is playing a significant role in access to the Internet in
the region, whereby 40 percent of Internet users access content through
smart phones. By 2012, Internet related activities constituted 1.1 percent of
GDP, which translated to USD 18 billion in the African continent. Kenya and
Senegal have a unique experience compared to other African countries; they





















industry, measured by revenue to GDP and contribution of Internet to GDP.
The most obvious attribute these countries share is the comparative
development of telecommunications-dependent industries, particularly
business process outsourcing industries.
1.2 Statement of the Problem
In the background of the development of the telecommunications industry in
Africa, similar to other countries around the globe, were the policy reforms
that began to accelerate the pace of growth in African countries towards
2000. These policies included privatization of the incumbent state-owned
operators, introduction of competition, and regulation of the market. The
main premises of these reforms were two-fold: first, to attract the private
sector, which, through better management would ensure more efficient
operations, thus benefiting consumers (Fried, Lovell and Schmidt, 2008).
Second, for developing countries in which governments were failing to
effectively fund their incumbent operators to expand the network and
improve quality of services, the reforms aimed to attract the much-needed
capital to meet the unmet demand in the telecommunication services market
(Newbery, 2002). Following these policy reforms, the industry output in
Africa increased in terms of revenue as well as number of people connected to
different forms of telecommunication services, particularly mobile and more
recently broadband. However, it is not known whether industry efficiency
has improved.
Despite the previously mentioned progress, the African telecommunications
industry also shows some cause for concern. The status of efficiency in the
past comes to question, and the potential of improving productivity in the
telecommunication industry for further development is also a matter of
concern.
First, regardless of the tremendous growth in penetration of mobile
telecommunications services, Africa is still lagging behind the rest of the
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world in all forms of telecommunication services diffusion. Figure 1.4
provides a snapshot of the development of telecommunications industries
among different regions in the world: Africa, the Arab states, Asia and
Pacific, Commonwealth Independent States, Europe and the Americas. The
figure shows the penetration of fixed lines, broadband and mobile, as well as
the percentage of individuals using the Internet.
Figure 0-4 - Penetration of telecommunications among regions, 2013
Source: International Telecommunication Union (ITU, 2013b)
Second, although the African continent has been experiencing significant
telecommunications infrastructure deployment, especially in the form of the
upgrade of the mobile networks to 3G and beyond, and deployment of
submarine fibre optic cables to support data transmission, the continent still
presents the lowest contribution of the Internet to GDP compared with other
emerging economies and developed economies. Figure 1.5 shows the
contribution of the Internet to the GDP of developed economies, developing
economies and Africa, using 2012 figures. Between 2005 and 2010, Internet
industries contributed more than 20 percent in economic growth in
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particularly India, Brazil and China (Manyika et al., 2013). The greater
output as a result of Internet use is based on the ability of these countries to
efficiently develop Internet-dependent industries, as well as their greater
integration with traditional sectors.
Figure 0-5 - Contribution of the Internet to GDP
Source: Manyika et al. (2013)
Third, it is established that the recent telecommunication development in
Africa is mostly due to the expansion in the factors of production,
particularly investment capital through the deployment and upgrade of the
network infrastructure. Since most of these investments are sourced from
investors from developed countries, investment in African
telecommunications industry is vulnerable to shocks in developed financial
markets that limit the ability of parent companies to raise capital. As shown
in figure 1.6, the investments in the industry reached an all-time high in
2010 at USD 14.6 billion; after that, they retracted by almost 40 percent in




















Figure 0-6 - Investments in the African Telecommunications Industry,
1999-2012
Extended declines in the industry are likely to affect the continuing
infrastructure deployment and consequently access and usage of
telecommunications services. Given the potential economic growth
obtainable from the development of telecommunications, the African
continent, which has the highest percentage of impoverished population, is
subject to considerable loss of development potential.
As pointed earlier, sectoral growth can be attributed to increase in factors of
production and productivity growth. Productivity changes are expected to
depend on many determinants, including deployment of advanced technology,
exploitation of economies of scale, changes in the organization of production,
as well as improved labour force (Cronin, J., Colleran, Herbert, and Levitzky,
1993). As pointed out by Madden and Savage (2001), Africa had actually
posted negative productivity growth in the period prior to 2000; and Hinisz
and Zelner (2001) pointed out that the legacy institutional arrangement
governing telecommunications industry largely contributed to inefficiency





















analysing efficiency of the African telecommunications market to learn how
policies that were implemented during the liberalization process, most of
which took place during the turn of the century, have affected the industry’s
efficiency and productivity growth. More specifically, the study tests the
main premise that the liberalization process will increase efficiency;
unfortunately no research that the author is aware of has been done
exclusively to analyse the efficiency of the continental African
telecommunications industry.
Further, the concerns raised earlier, such as the question of lagging
penetration of telecommunications services - especially broadband - and low
economic contribution of Internet services, indicate a limited industry output.
Dwindling investments further motivate an inquiry on the industry’s
efficiency as one of the possible explanations. Since the market is liberalized,
and as we will see later, investments in the African telecommunication
industry are mostly obtained from foreign sources rather than local investors,
those countries with efficient industries will be able to access capital for
investment more easily, as well as be able to extract more value from the
installed telecommunications infrastructure.
1.3 Objective of the Study
The aim of this study is to look at the dynamics of efficiency and productivity
change in telecommunications among African countries from 2000 to 2009.
This is based on the main premise that telecommunication policy reforms
were made to attract investment from the private sector with better
management and more efficient operation thus benefiting consumers. Due to
the recent decline in new investments into the sector, and the increasing
need for penetration of basic and advanced telecommunications services, it is
important to understand how efficient the industry is in deploying the
capital invested to meet economic and social goals. In order to understand
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these dynamics, the following main research questions were developed and
consequently tackled empirically using Data Envelopment Analysis (DEA).
1. What is the overall productivity growth in the telecommunications
industry of African countries?
This question attempts to understand whether given the increase in the
input factor, that is, increase in investment capital, and the subsequent
output in terms of penetration of telecommunications services, the
industry improved its productivity. In other words, to empirically test
whether the industry became efficient in converting its resources (mainly
investment capital) to the desired output, in this instance, subscribers and
profits for the firms.
2. What are the telecommunications industry efficiency scores among
these countries and is there convergence in industry efficiency
between countries?
As noted earlier, in the period 2000 – 2009 the African continent recorded
very high growth rates in the penetration of telecommunications services,
particularly mobile services. This was a result of an increase in input
factors, most notably investment capital. Thus this question attempts to
understand what the efficiency scores of the industry were and whether as
the industry growth swept over the continent, efficiency in the sector
converged or diverged among countries.
3. What are the determinants of productivity growth in the African
telecommunications industry?
The last question is critical for policy makers. Once the level of
productivity change has been established in the answer to the earlier
question, this question looks at the determinants of productivity growth. It
is understood that productivity growth is a desired attribute for the
telecommunications market, therefore establishing its determinants
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enables policy makers to understand what policy tools to use and how to
regulate these tools so as to improve productivity growth.
These questions will be analysed empirically using Data Envelopment
Analysis as the principal method, alongside linear regressions to draw out
results. These results will be discussed with the aim to draw relevant policy
insights.
1.4 Structure of the Thesis
This thesis consists of eight chapters, each focusing on a part of the overall
study as discussed hereafter. Chapter one provides an introduction to the
thesis. It starts by outlining the emerging role of telecommunications
infrastructure and services as an important tool for social and economic
development in the modern knowledge economies. Further it briefly
describes the effect of penetration of telecommunications services on
economic growth, and more specifically the contribution of the
telecommunications industry to the economic growth of the African continent.
The two problems motivating the research are also stated. First, the lagging
penetration, especially of advanced services, in the continent when compared
with the rest of the world is revealed, followed by the discussion on the
recent dwindling of investment capital, which suggests the need for
increasing productivity as the means to produce more, and attract further
investment. One subsection but last, the objectives and main research
questions pursued by the study are introduced, followed by this section
showcasing the structure of the entire study.
Given the limited literature on African telecommunication markets, chapters
two and three are dedicated to providing a detailed account on the
development of the telecommunications industry in the continent. Chapter
two begins with the policy reforms that changed the institutional structure
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and the market in the telecommunication industry towards a more open
market economy. In Africa there are accounts of such policy attempts from as
early as 1992, a movement which gained pace towards the turn of the
century. Emphasis is being placed on liberalization, with privatization and
regulation in the industry discussed in detail. Further on, various initiatives
pioneered by the industry, multilateral organizations and regulators to
support and promote telecommunications development in the region are
narrated. Last, for a better understanding of the African telecommunications
reality, seven case studies are chosen to present the telecommunication
industries of seven African countries, each with its own intriguing and
relevant features with regards to the telecommunications market.
The third chapter extends the discussion to the market structure and
development of telecommunication infrastructure and services. The chapter
begins with the development of key fixed and mobile infrastructures for voice
and data technologies. This section is followed by the evolution of data
infrastructure, in particular international data connectivity, terrestrial and
undersea backbone network, and last mile connectivity for data services. In
addition, value added services that are operated on the basic
telecommunication infrastructure are described to shed a light on the
innovation in telecommunications service provision spearheaded in the
continent. Lastly the chapter introduces the market structure of the African
telecommunication markets, especially the rise and dominance of
multinational telecommunication operators. Two case studies are provided to
describe the nature of the multinational telecommunication firms operating
in African markets.
Chapter four provides an overview of the main concepts of this dissertation,
namely, efficiency and productivity change, together with the alternative
methodologies used to measure efficiency among decision-making units. In
particular the relation between efficiency and productivity is explained, and
then the reasons that prompt organizations, industries, or countries to
17
pursue efficiency, including policies that promote productivity improvement,
are given. Last, four quantitative approaches to quantifying productivity
growth are described: growth accounting, index numbers, econometrics, and
data envelopment analysis.
In chapter five, the efficiency of the telecommunications industry in African
countries is determined. Using the DEA technique, the efficiency score and
the source of efficiency for each country and the continent at large are
determined. More specifically, what is meant by the source of efficiencies is
the evaluation of whether industry efficiency is a result of economies of scale,
technical efficiency change or efficiency change. Further, the degree of
convergence in the efficiency levels of different countries is analysed to
determine whether the entire continent is improving its efficiency or if there
are laggards. In particular, it is investigated whether countries have
experienced catch-up or leapfrogging convergence over the period in terms of
industry efficiency and three main indicators of development in the
telecommunications market: fixed lines penetration, mobile penetration and
the number of Internet users. To measure catch-up convergence, coefficient
of variation and the Theil index are employed, while the Wilcoxon signed
rank test and a linear regression are used to measure the presence of
leapfrogging convergence. This chapter ends with a discussion on whether
these countries have converged in terms of telecommunications industry
efficiencies and penetration of telecommunication services, and concludes
with remarks for policy makers.
While chapter five deals with relative performance in efficiency, chapter six
examines absolute productivity change in African telecommunications over
the same period of analysis (2000 – 2009). The DEA-based Malmquist
productivity index derived from a variable return to scale (VRS) assumption
is used to compute productivity changes, which are then decomposed to
technological efficiency change, technical efficiency change, pure efficiency
change and scale efficiency change. Further, cumulative productivity is
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computed to evaluate which countries have benefited the most from
productivity growth, and countries are additionally categorized depending on
their level of economic development to roughly see whether their economic
standing affects productivity. Lastly the findings concerning the productivity
growth of the African telecommunications market are presented, by showing
which countries have achieved the highest productivity growth, and what
sources of productivity changes were observed.
Chapter seven builds on the empirical work in chapters five and six. In
particular it evaluates the factors determining productivity changes in the
African telecommunications industry. More specifically, this analysis focuses
on market structure factors and socioeconomic factors that induce
productivity growth. In market structure factors the analysis includes
variables on changes in the level of output, competition and market
liberalization and population of countries. Since income usually correlates
with higher socioeconomic development, it is used as a variable for the latter.
Additionally, a time trend is included in the analysis to account for rapid
technological advance. General Least Square regression technique is used to
estimate the effect of these factors on productivity growth. Then, the factors
that have contributed most to the industry’s productivity growth are
elaborated on.
In chapter eight, the major findings of the main empirical studies are
discussed. In particular, this chapter explains the consolidated empirical
results, and compares those results against the literature to explore the
question of whether liberalization had similar results in the efficiency of the
telecommunication industry in Africa as in other regions. In addition, policy
implications are drawn with relevant insights for African countries to
improve their industries’ efficiency and productivity. The contribution of the
thesis in the literature is also explained and limitations of the study are
pointed out. Finally, the last section briefly explains the author’s aspirations
for further research.
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Chapter 2: Evolution of the Telecommunications
Policy Reforms in Africa
The African telecommunications development story is the most recent one
among the world’s regions, and arguably the least documented one especially
in the academic literature. In fact, Africa it is has been described as the last
frontier for technology (The Economist, 2013). In this chapter, section one
will highlight the development of market reforms across African countries,
and section two will depict the multi-stakeholder initiatives taken in line
with prevailing policy and market reforms.
2.1 Institutions and Market Reforms
Similar to most public utilities, the African telecommunications industry in
the pre-reform era was considered a natural monopoly due to the high fixed
costs needed to invest in laying the telecommunication network. Hence the
market consisted mainly of fixed line technology dependent on and solely
financed by governments, and operated by public telecommunications
operators under the relevant government ministries.
Three features characterize the pre-reform African telecommunications
sector. First, given that the technology of the time was fixed line for voice
telecommunication services, it required high initial costs and a long period of
time before operators could make a profit. Therefore, it was considered
inappropriate for the market to be left to the private sector. Furthermore,
the initial technologies of telecommunication were received mostly from
military research, and so governments viewed telecommunications as an
important part of national security strategy, especially in the years after
World War II when telecommunications services were deployed to the
masses. Therefore, based on the natural monopoly argument and on security
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grounds, it was widely believed that governments should own and provide
telecommunications to the public.
Second, more specific to African countries, at the time the majority of
Africans were still living in rural areas, which were sparsely populated. For
example, in 1980, only 27 percent of the African population was living in
urban areas compared to about 39.6 percent in 2011 (United Nations, 2011).
Additionally, most of the population living in rural areas had low incomes
and poor housing; therefore, it was extremely expensive for governments to
rollout fixed infrastructure to the population, most of it in rural areas and
with low purchasing power.
Third, to a larger extent than elsewhere, African countries experienced
insufficient investments as most governments were running budget deficits
and simultaneously facing stagnant economic growth. Most public
telecommunications operators (PTO) that were as mentioned already the
sole providers of telecommunications services, lacked the funding and skilled
labour necessary to operate effectively. On the other hand, profitability was
not the major goal for the PTO’s managers, whose stated aim was rather the
supply of services. Under the pre-reform regime, governments had to
subsidize the difference between the PTO’s revenues and their operations,
maintenance, and expansion budgets. While this was not only practiced in
Africa, Laffont (2005) argues that the practice of the government to absolve
the PTO from loses was highly harmful to developing countries since these
countries experienced a higher cost of public funding, and high opportunity
cost of investing in other competing social and economic infrastructures such
as education, health or transportation.
2.1.1 Liberalization
In the early 1990’s, it was apparent that African governments could not
continue to cover PTO losses in a system which was inefficient by design, as
PTOs were failing to collect enough revenue to finance their operations and
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network expansion. Hence governments began to embrace institutional and
market reforms in order to revive the sector. Their reforms were mainly to
liberalize the market so as to attract more investment from the private
sector, to privatize the incumbent national providers in order to free
government funds, as well as to establish independent regulatory authorities
to oversee the telecommunications industry to allow further sector reforms
that would be free from political influence. These policies had been
implemented in most developed countries, and in regions like Europe, there
was a gradual and coordinated reform implementation. Africa is perhaps the
last region to adopt such market reforms. However, at a country level, there
is some variation in the timing of the rollout of the reforms, with Nigeria and
Mozambique being the first to initiate the liberalization process.
Before the reforms, the legal instruments that guided the legacy
telecommunications industries were usually sector regulations provided by
the respective ministry and sometimes parliament. In most countries, the
liberalization process began by first creating a formal legal environment that
would attract and protect investors against deprivation of their capital. The
first step was the preparation and enactment of a telecommunication/
communication law that specified the new stakeholders in the
telecommunications industry and the interactions between them.
The completion and passing of the telecommunication laws allowed
implementation of the consequent regulation. In particular,
telecommunications law became the basic legal instrument responsible for
establishing the sector’s regulatory authority as it would state the
authority’s mandates over issues such universal services oversight and
provision of licenses for such public resources as radio wave frequencies, or
for the offering of operators’ network services in particular regions. In most
countries the independent telecommunications regulators were formed in the
same year that the communication law was enacted. Equatorial Guinea is an
exception, since it created an industry regulator without adopting a
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telecommunications law. Table 2.1 shows the list of African countries and
the years they enacted their corresponding telecommunications laws, as the
first step towards liberalization of the sector.
Table 0-1 - Legislation and establishment of telecommunication regulators in Africa
Country Name of regulator Year
created
Legal document creating the
regulator
Algeria Autorité de régulation
de la poste et des
télécommunications
(ARPT)
2000 Loi n° 2000-03
Angola Institut Angolais des
Communications
1999 Décret nº 12/99 du 25
Juin 1999




2007 Décret N° 209-2007 du 10
















1998 Loi 051/98/AN remplacée
par la Loi 061/2008/AN
Burundi Agence de Régulation
et de Contrôle des
Télécommunications
(ARCT)
1997 Décret n°100/182 du 30
septembre 1997
Cameroon ANAC - Agência
Nacional das
Comunicações
2006 Decreto-Lei nº 19/2008,






1996 Loi 96.008 de 1996
modifée et remplacée par
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Télécommunications la Loi 07.020 de 2007
Chad Office Tchadien de
Régulation des
Télécoms (OTRT)
1998 Loi 009/PR/98 du 17 août
1998
Comoros Autorité Nationale de
Régulation des TIC
(ANRTIC)
2009 Decret 065/PR du
23/5/09
Congo Agence de Régulation
des Postes et des
Communications
Electroniques





de la Poste et des
Télécommunications
du Congo (ARPTC)²
2002 Loi N°014/2002 du 16
octobre 2002 portant sur la
création de l'Autorité de
Régulation de la Poste et des
Télécommunications du
Congo
Côte d'Ivoire Agence des
Télécommunications de
Côte d'Ivoire



































Gambia Gambia Public Utilities
Regulatory Authority





Act, Act 524, 1996 and
amended by Act 769,
2008.





















































Morocco Agence Nationale de
Réglementation des
Télécommunications
1997 Loi n°24-96 relative à la
poste et aux
télécommunications







2011 Communications Act No 8
of 2009











2001 Law No 39/2001 of
13/09/2001 establishing







2005 Décret n.º 14/2005 et loi
n.º 3/2004
Senegal Autorité de Régulation
des
Télécommunications
2001 Loi n°2001-15 du 27
décembre 2001, Loi 2011-01
du 24 février 2011 portant
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et des Postes code des télécommunications
qui abroge et remplace la Loi













18 of 1993, Tanzania
Communications
Regulatory Authority Act
No. 12 of 2003 (merger of
TCC and TBC in 2003)
Togo Autorité de
réglementation des
secteurs de postes et de
télécommunications
1998 Loi n° 98-005 du 11



















Source: ITU World Telecommunication/ICT Regulatory Database, 2012
By the year 2012, approximately 80 percent of African countries had enacted
laws that embraced the new order in the telecommunications sector,
although the legislative process was slow across the continent, spreading
twenty years. The first countries to liberalize their markets and establish
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independent regulators were Mozambique and Nigeria in 1992 and 1993
respectively. This was the same time when similar reforms were being
discussed and implemented in European, Asian and Latin American
countries. By the year 2000, about half of the African countries had already
liberalized their market. Nevertheless, the process is not over, with countries
such as Gabon just liberalizing its telecommunication market in 2012 and
Ethiopia yet to adopt policy changes.
Figure 0-1 - Legislation and establishment of telecommunication regulators in Africa
Source, compiled by the author from the World Telecommunication/ICT
Regulatory Database, 2012
Apart from establishing a regulatory authority, governments’ commitment
towards liberalization could be observed through the sanctioning of private
investment and the restrictions placed on the participation of private
investors, either local or foreign. Particularly in African countries, due to
underdeveloped capital markets and low level of technology, it is challenging
to limit private participation to only local entrepreneurs. While Comoros,
Eritrea and Ethiopia ban any involvement of foreign investors in the market,
the rest of the African countries allow some level of foreign capital
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participation. Most countries allow foreign entities to be majority
shareholders, while about 20 percent of the countries, including Nigeria,
Botswana and Burundi, allow foreign entities to have complete ownership.
Namibia is an exception since it has set an ownership limit of foreign entities
operating in the country to 49 percent, requiring that local entities maintain
at least 51 percent ownership.
2.1.2 Regulation and Competition
The newly established regulators have been bestowed with the mandate to
oversee the industry by developing tools that will attract new players to the
market, introduce competition and maintain a level playing field for all
industry stakeholders in order to ensure growth and development of the
sector. One of initial and still the main functions of a regulator is to provide
licenses to investors who want to deploy telecommunications infrastructure
and provide services. In order to understand telecommunications
competition in the African telecommunications industry, it is important to
revisit the licensing process and the challenges regulators faced that led to
the present regulatory frameworks, which feature market segmentation and
gradual liberalization, with only some parts of the market open to
competition.
In the legacy framework, the incumbent state-owned telecommunication
operator provided all telecommunications services including local, long
distance, and international telephone services. Even though the legislative
process to initiate liberalizations was at face value quick in some countries,
it took longer for governments to let go of their investments in the
telecommunications markets as will be explained in section 2.1.3; hence the
effect of liberalization on fixed line networks can barely be seen (Williams
and Kwofie, 2014).
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At the same time that the African telecommunications market started the
liberalization processes, the industry in developed countries had begun to
experience rapid technological advancement, especially in mobile technology.
The technology seems to attract investors willing to deploy mobile networks;
as a result technology- and services-specific licensing frameworks emerged.
This licensing regime, which is still applied in most countries, allowed
regulators to divide the telecommunications market into different segments
that define the market in terms of services offered, geographical areas and
technology to be deployed. In most countries, the broad technology groups
were between mobile and fixed technologies. Especially with mobile
technologies, different technologies presented difficulties with compatibility;
hence most regulators choose to enforce a particular technology.
The separation of the telecommunications industry in fixed lines, mobile,
and value added and data services (ISPs) opened the way to the issuing of
licenses for mobile telecommunications and Internet service providers. For
mobile telecommunications, licenses were comprehensively vertically
integrated, allowing not only the provision of mobile services, but also
including the obligation to deploy network infrastructure that covered a
certain percentage of the population, wherein in certain cases the preferred
deployment areas within the country were identified. This fact led to the rise
of mobile licensees and so the mobile telecommunications market has become
competitive both in infrastructure as well as mobile service provision, since
these were originally provided under one license. In the year 2000,
competitive markets were to be found in approximately 50 percent of African
countries. By 2014, competition was present in almost 90 percent of
countries, leaving only four countries, Comoros, Ethiopia, Eritrea, and Sao
Tome and Principe, with uncompetitive markets run by a sole monopoly
operator in the mobile telecommunications sector. All other countries have
competitive mobile markets with two or more operators.
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The market environment for data and Internet services is not very different
from the mobile market. In 2012 all African countries had competitive
markets in data and Internet services except four countries: Comoros,
Djibouti, Ethiopia and Niger, which had state monopoly markets (ITU, 2012),
wherein some overlap with the countries that have not liberalized in telecom
can be observed. However, fixed line technology followed a different
trajectory, where countries failed to attract investment in their fixed line
industries. In fact, more than 60 percent of African countries still have
monopolistic fixed line sectors.
It is therefore easy to see that the dynamics of the African
telecommunications industry were heavily affected by the liberalization
process. The segmentation of the sector allowed competition and expansion
of mobile telecommunication services. As a result, prices have been greatly
reduced and the mobile user base has grown. Similarly, data services have
become competitive. However, prices remained very high until recently,
when they were reduced with the emergence of affordable connectivity due to
the completion of various undersea cable projects connecting Africa to the
global data highway. While fixed line services have remained stagnant.
2.1.3 Privatization
Despite legislative adoption of policy reforms in the African
telecommunication industry around the 2000’s, privatization of the
incumbent telecommunications operators was the most dramatic of all
reform strategies that were implemented. It is important to point out that
incumbent telecommunications operators are essentially fixed line operators,
most of them with very weak or no presence in mobile telecommunications
business. This is mainly due to the newness of mobile technology, as most
incumbent operators in Africa had not yet deployed mobile networks at the
time of adopting reforms; hence, mobile has been largely a Greenfield
investment.
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All African countries have not followed the same path towards privatization
of their incumbent operators, with various approaches having been adopted.
By the end of the year 2000, about a quarter of African countries had
partially privatized their incumbent operators, and by 2010 approximately
50 percent had done so. Mainly, the extent to which privatization was carried
out was related to the inviting of private capital for expansion and
technological upgrade, as well as the attraction of skilled staff especially in
terms of management and technical expertise. In all privatization cases in
the African telecom market, governments retained a certain percentage of
ownership in the new organization, and with the exception of Seychelles, no
government has zero percent ownership in the incumbent. Most countries
that privatized sold more than half of their ownership, leaving control and
management of the organization to private hands, typically a foreign telecom
company with the largest share ownership. On the other hand, countries
such as Tanzania, Ghana and Senegal followed a different approach by
adopting partial privatization with management contracts to initially
privatize less than half of the incumbent’s ownership thus retaining their
majority stake, and commissioned a management firm to run the operator, in
most cases the same as the buyers of the ownership. For example, in 1996
Ghana sold 30 percent of the incumbent, Ghana telecom, to G-Com
consortium headed by Telecom Malaysia, whereby the consortium was given
a management contract which was terminated in 2002 by the Ghanaian
government.
Due to undeveloped capital and financial markets of African countries, most
buyers were foreign telecommunications companies or consortiums of
investment and foreign telecommunications companies. The most active
buyer of African incumbent telecommunications companies has been France
telecom, which acquired and is currently operating fixed line networks in
more than five African countries. Large African incumbent firms have also
been active in investing in other African countries, especially Moroc Telecom,
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with investments in Gabon, Mali, and Burkina Faso, while South Africa’s
Telkom and Namibia Telecom have been active in international network
management contracts3.
These successes notwithstanding, the other half of African countries has not
even tried to privatize their telecommunications incumbents yet, or they
have tried and failed. Even out of those that succeeded in privatizing, some
countries, such as Ghana and Rwanda, renationalized their telecom
companies. In fact, Gasmi, Noumba and Virto (2010) have pointed out that
privatization was not successful in African countries since first, few
countries managed to privatize their incumbent companies, and second,
fewer still managed to attract investment for additional operators that could
stir up competition in the fixed line market, leaving the penetration of fixed
lines in Africa hovering between 1.5 – 2 percent in the period 2000 – 2010.
Various reasons have contributed to this mixed picture in the privatization
of telecommunications incumbents in Africa. First, fixed line technology,
which is the main technology for most incumbents, is expensive to deploy,
especially in African countries where more than 60 percent of the population
are still in rural areas, and the land mass is relatively large and sparsely
populated (Moshi, 2013). This makes fixed line technology less attractive to
investors. Second, incumbents receive stiff competition from mobile
technologies, which is cheaper to deploy and has lower sunk costs. Third, the
privatization process has been characterized by a lack of transparency, as in
the case of Kenya Telecom (Williams and Kwofie, 2014). This has made
investors less attracted to the market. Fourth, in some countries there has
been obvious opposition to privatize, where the privatization is heavily
politicized. For example in Nigeria the parliament refused to pass the
privatization bill of the NITEL, the Nigerian telecommunications incumbent.
3http://www.cio.co.ke/news/top-stories/Telkom-SA,-Telecom-Namibia-pull-back-fro
m-foreign-expansion retrieved 12th November 2013
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Fifth, most telecom incumbents had large debts that had accumulated
(Williams and Kwofie, 2014), making them unattractive to prospective
buyers; also, due to weak private sectors in African countries, the main
clients to these telecommunication incumbents has been the government and
other parastatal organizations, which had accumulated debt by not paying,
at least on time, their due telephone bills. Since a large portion of revenue
depended on this segment, it compromised the ability of telecom incumbents
to collect revenue.
2.2 Multi-stakeholder Initiatives
Most scholars agree that the rapid development of telecommunications in
Africa resulted from three main forces. First, policy reforms, and in
particular liberalization, allowed competition in the telecommunication
markets, especially for mobile telephony, value added services (VAS) and
Internet infrastructure and services (Laverty, 2011). Second, the
telecommunications industry experienced rapid advancement in technology
from simple voice transmission capability in the 1980s, to current data
transmissions that complement fixed infrastructures such as ADSL. Third,
emerging management styles such as prepaid billing, made implementation
in developing countries possible and reduced risks to service providers. This
is contrary to the post-paid system which is a common billing method for the
industry in developed countries (Moshi, Mwakatumbula and Mitomo, 2013).
While these factors are well documented in the telecommunications industry
world-wide, there are other influential factors that are rarely described in
the academic literature. In particular, in this section other government
policies and industry initiatives are introduced with respect to the
development of telecommunications industry in Africa. Further, the role
played by the international community has been significant in enabling ICT
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penetration by acting as an underlining reason for the take-off of mobile
subscriptions in the region as whole (Moshi, 2009).
2.2.1 Government Initiatives
Upon realizing that telecommunications infrastructure is an important
enabler and source of economic growth and social development, African
governments took various initiatives in addition to market liberalization and
privatization policies to strengthen the industry. Most government policies
have generally aimed at increasing access and use of telecommunications
services in their respective countries. These government initiatives that
have been adopted can be grouped in three categories as described below:
Tax instruments to attract investment in the sector
In most African countries, the telecommunications sector has been given a
preferential treatment, in that governments have used various tax
instruments to attract capital to spur its development. Given the large
number of countries and variance in the mandates established within each
country, the type of the tax instrument used, its scope and the duration of
implementation vary across countries. Mainly, tax instruments are designed
to attract investment in infrastructure by lifting some tax obligation from
the infrastructure companies. Two tax arrangements are most common
among African countries. First, tax holiday granted to the
telecommunications operators from paying corporate taxes. For example, in
Nigeria and Ghana, telecommunications network operators are entitled to a
seven-year holiday from paying their corporate taxes. This is assumed to
assist companies in reinvesting their profits in network expansion and
modernization, especially in the initial years. Second, some countries have
opted to waive import tax for imported network equipment. This option was
taken by, for example, Zambia where it is still implemented, and Tanzania
until 2014 when it was abandoned. These tax incentives have been designed
to attract investments in both greenfield and expansion projects.
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Despite these favourable tax initiatives for investors, African countries have
imposed high taxes on users of telecommunications services, hampering
adoption and consumption of telecommunications services. The cost of the
ICT basket which includes the cost of fixed phone, mobile phone and
broadband services shows that Africans are paying 41 percent of their
average monthly income on ICT services, which is the highest proportionally
compared with other parts of the globe (ITU, 2009). At the same time, a
survey made among 101 countries worldwide commissioned by the GSM
Association in 2007 measuring taxes imposed in mobile services, shows that
only 17 countries globally imposed additional taxes on mobile services, but 7
out of those are in Sub Saharan Africa (SSA) (GSMA and Deloitte, 2008). The
final cost burden therefore, which includes Value Added Tax (VAT), customs
and excise duties, as well as other lump sum taxes, turns to the same citizen
the governments have tried to protect through market regulations. Figure
2.2 shows the percentage of tax imposed on mobile services by the different
governments across Africa in 2007 (Moshi, 2009).
Figure 0-2 - Taxes on mobile services in African countries, 2007
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Source: GSM Association & Deloitte. 2007. Global Mobile Tax Review 2006 –
2007. Taxes have been updated to reflect changes in Malawi, Ghana,
Rwanda and Tanzania.
Considering the total cost of ownership of a mobile phone, the tax section of
the cost has been very high among countries in SSA, where Uganda ranks
4th, Tanzania 5th, Kenya 11th and Rwanda 26th out of 101 counties with 27
percent, 27 percent, 25 percent and 21 percent of Total Cost of Ownership
respectively. A study done in Uganda shows that “there has been a slowdown
in uptake of mobile phone services over the recent past, suggesting that tax
increases result in a significant discouraging effect on uptake and
consumption of service” (Hisali, 2007). The tax burden usually affects the
poorer consumers who have not yet accessed the mobile services
comparatively more than wealthier users the majority of which have already
acquired mobile phones. The proper calibration of taxes imposed on mobile
services as part of VAT or special taxes on the services can have a positive
impact by extending the reach of ICT services to the marginalized. The study
showed that the elimination of mobile excise tax would result in a more than
fifty percent increase in demand between 2007 and 2010, considering that
poor customers are more responsive to changes in prices (ITU, 2008, Moshi,
2009).
The benefits of tax reductions, and especially excise duty, go beyond reducing
the burden to the citizens and increasing penetration of mobile services to
providing more revenue to the government in the long run. The GSMA study
shows that a reduction of excise tax in Uganda, which is the country with
highest mobile service tax, from 12 percent to 3 percent should result in an
immediate drop of prices of mobile services, followed by an increase in
penetration. Including the spill-over effects on other industries, in a period of
5 years the government should reach the previous level of tax revenue with
an increasing trend, not to mention the general benefits of providing an
important good to the marginalized population (GSMA & Deloitte, 2008).
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The dilemma nonetheless exists for some governments, that is, the trading of
some present tax revenue from mobile services for increased penetration of
mobile services and increased tax revenue in long run (Moshi, 2009).
Government investment in telecommunications infrastructure unattractive
to private sector
Although mobile technology has experienced rapid adoption in Africa, fibre
network expansion has been lagging behind. As the world is moving fast
towards digital switching and data communications, current trends suggest
a move towards heavy data usage. The nature of fibre broadband
infrastructure is that it has huge start-up costs especially for digging, cables
and installation, hence huge initial investments but very low maintenance
cost while supporting high volume and speed of data transfer which can be
upgraded by changing technology on the nodes. Most mobile
telecommunications operators in Africa are consequently faced with various
business and organizational difficulties in deploying fibre network
infrastructure. First, they have yet to need the high volume of data
experienced in the developed world; second, it is very costly for each operator
individually to deploy fibre networks not to mention this would induce the
duplication of backbone infrastructure, something which is costly for the
industry and society at large as well. Third, organizationally, they tend to be
selective in which parts of the country they should deploy, meaning which
areas would give them an infrastructure competitive advantage, hence the
difficulty for operators to cooperate on joint fibre backbone projects.
Due to these reasons, most countries in Africa have made construction of
national fibre network a component of their ICT policy. The rationale for
governments, in addition to the reasons given above, is to provide an
integrated project that will reduce capital expenditure, mobilize
infrastructure access nation-wide, and serve businesses as well as social
priority organizations such as schools, universities and hospitals (Mbarawa,
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2012). Governmental provision is therefore the most common strategy in
backbone fibre broadband deployment in Africa, currently adopted in South
Africa, Tanzania, Cote d’Ivoire, Kenya, Rwanda, Burundi, Chad and
Botswana4. For example in Uganda, the government invested USD 96.5
million to deploy its National Broadband network contracted to Huawei
Technologies; the Ethiopian government invested USD 2 billion, where USD
1.5 billion is vendor-financed equipment and 500 million is implementation
funded by the incumbent, which is wholly owned by the Ethiopian
government. All these projects were at the time of writing either in the
design or implementation phase.
Other initiatives
Given the low literacy rates of the African population, it is essential for
African governments to stimulate and facilitate the use of
telecommunications use, especially for advanced services such as broadband.
For example, the government of Rwanda has deployed ICT initiatives to
improve its health sector and education delivery. For the former initiative,
the Rwandan government has been deploying the Open Medical Record
System (OpenRMS) in hospitals and clinics to facilitate nation-wide tracking
of patient data and stores the data for other actors in the health sector such
as researchers, doctors in hospitals and pharmacies in need of forecasting
medicine needs. On the education front, by 2012, the Rwandan government
had distributed 210,000 laptops to its primary schools5, as a continuous
project to create an Internet aware citizenry.
The collective effect of these governments’ initiatives, ranging from
supporting investors in competitive segments to deploying broadband
infrastructure and stimulating telecommunications services demand,
complements the issues that liberalization has failed in, or will take longer to
4http://afterfibre.net/ retrieved 30th April 2014
5http://wiki.laptop.org/go/Rwanda retrieved 2nd June 2014
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address. Indeed, African governments do consider the telecommunications
industry as a strategic one, and are adopting key roles in its development
and growth.
2.2.2 Multilateral Organization Initiatives
Behind the curtain of rapid telecommunications policy changes lie
multilateral organizations, especially the World Bank, the United Nation’s
International Telecommunications Union, and the International Monetary
Fund. These organizations play different roles in supporting the
telecommunications sector in the region, with some overlapping in certain
issues. The main agenda and the most fundamental contribution of these
organizations has been policy making support for developing countries,
including African states. The World Bank, using its pool of policy experts,
has been the leading organization in producing policy studies and
recommendations. Teams of policy experts have been visiting and assisting
developing countries to facilitate the process of liberalizing the
telecommunications markets as well as designing and establishing
telecommunications. In fact, the World Bank (policy side) and the
International Finance Corporation (IFC), based on the investment side, have
created a joint body, the Global Information and Communications
Technologies (GICT) department, to provide a holistic ICT package that
consists of telecommunications market reforms, so as to accelerate the
participation of developing countries in the global information economy, and
create a conducive environment for ICT enabled economic and social
development (IFC, 2013). Towards these goals, African countries have
benefitted from regulation kits provided freely online for the regulation of
telecommunications, offered through www.infodev.org, and of the broadband
segment, through broadbandtoolkit.org.
In the case of the ITU, they cover a wider range of telecommunications policy
issues that include use of radio communications, and coordinate present and
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future technology planning and standardization. The ITU offers a platform
for countries’ government officials and industry leaders to organize
telecommunication technologies and policies on a recommendation basis.
Most African countries are members of the ITU, and African countries can
get policy assistance from the ITU regional office in Addis Ababa, Ethiopia,
which has been dedicated to the continent. On the other hand, the IMF’s
area of expertise is not in the core telecommunication industry, rather on the
financial and macro-economic policies that enhance resiliency and inclusive
and sustainable economic growth. Given the increasing participation of
telecommunications services in the economy, and the growth of ICT-enabled
economic and social activities, the IMF plays an important role for promoting
inclusive economic growth and financial inclusion policies, in which for
instance, mobile money an add-on telecommunication services play a
significant part.
In addition to policy support, the World Bank also functions as a financier to
the development of telecommunications industry in the continent. Mainly,
capital provision to telecommunications companies operating in Africa, or
planning to operate in the continent. Using its private investment arm, the
International Financial Corporation (IFC), in 2004 the World Bank together
with CDC Capital Partners acquired 20.8% in Celtel Corporation’s USD 260
million project 6 that became the largest mobile telecommunications
company in Africa. In more recent projects, in 2010 the IFC invested USD
100 million in the Helios Towers Nigeria company that acquires, builds,
operates and leases shared tower infrastructure in Nigeria, while its parent
company Helios Towers Africa owns and leases network infrastructure in
other African countries. Further, in 2014, the IFC invested USD 56 million
6http://ifcext.ifc.org/ifcext/spiwebsite1.nsf/DocsByUNIDForPrint/97478450003D54
19852576C10080CC54?opendocument retrieved 17th January 2014
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in the Afrimax company7, which has 4G licenses in 12 countries and is
planning to provide wireless broadband though 4G mobile technology. The
World Bank reported that the IFC has provided approximately USD 1.5
billion in financing to ICT companies in developing countries, and through
its syndicated loan program it has contributed about USD 1 billion.
2.2.3 Industry Initiatives
The telecommunications industry consists of various companies and
consortiums working in the industry value chain. These firms range from
equipment manufacturers that make network infrastructure equipment and
end-user devices, to mobile operators, to global information technology
companies. Industry expansion often occurs in two levels, first at a
consortiums level. Even though the companies making up the consortium
have each their own profit making strategies, there is evidence of consortium
initiatives that call for the collaboration of competing companies with the
primarily motive to extend the reach of telecommunications services to the
poorer communities, a form of collaboration from which Africa has greatly
benefited. Second, at the individual company level, some companies choose to
expand their products or services to the unreached poor market. In such
company-lead initiatives, the decision to expand can be purely a business
strategy, or a corporate social responsibility initiative to extend services and
products to the poor market. Mostly, these initiatives are launched by
equipment and devices manufacturers and software and Internet companies
and their consortiums, while network operators present those affordable
services and/or devices to end-users.
As society continues to deepen its reliance on telecommunications, the
industry has been changing its approach to reaching users in the developing
world. Part of the changes in these initiatives reflects the dynamics in the
7http://ifcext.ifc.org/ifcext/pressroom/IFCPressRoom.nsf/0/D0B30275158136AC852
57C2F004DE921 retrieved 2nd November 2013
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telecommunications industry value chain. Throughout the evolution of the
industry, three forms of initiatives have been adopted to extend the reach of
telecommunications services to the developing world. These initiatives vary
in terms of source and motive of the initiative, effect to developing countries,
as well as their engagement in telecommunications policy. These forms are
described below, together with examples on how they have impacted the
African telecommunications industry.
Low cost mobile handsets
The first type of initiative taken by the private sector concerns the cell phone
manufacturers who pushed the manufacturing of Ultra Low Cost Handsets
(ULCH). These devices minimize the initial cost of acquiring mobile phones
and increase the population with access to ICTs at affordable prices (Moshi,
2009). As the ITU reports,
“In 2005, the GSM Association hosted a competition to develop a fully
functional mobile for less than US$ 30, including all electronic devices,
software components, batteries, charger, packaging and manual. Since
then, several advancements have been made. In 2006, Infineon Tec
had achieved to come up with a GSM handset to below US$20, with
material cost below US$15.”
This is one of the reasons why GSM as a consortium of manufacturers and
operators using the GSM family and its successor technologies, has managed
to dominate the handset markets in the developing world.
Similar initiatives have been introduced by companies as a business strategy
at a later stage. In the era of Ultra Low Cost Handset (ULCH), mobile
handset functionality was fairly simple, covering mainly phone
communications and text messages. Hence the software used was fairly
simple and ULCH initiatives were led by device manufacturers. With the
rise of smartphones however, the development of software, especially
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smartphone operating systems, became rather costly and complicated, hence
low cost devices initiatives are now dominated by software companies
collaborating with device manufactures. For instance the Mozilla
Corporation, which owns the Firefox browser, has developed a mobile
operating system and championed manufacturing of a low-cost smartphone
by partnering with two Indian manufacturers to make a smartphone that is
intended to retail at USD 25 (BBC, 2014). Such devices have been an
important factor in providing telecommunications usage to price sensitive
consumers in the developing world (Aker and Mbiti, 2010), and consequently
narrowing the digital divide.
Devices and technologies standardization
Standardization of technologies has been a major factor for expansion of
telecommunications, pushed both by private consortiums as well as the ITU.
More specifically, the International Telecommunications Union considers
standardization as one of its three major areas of specialization along with
development and radio communication. The ITU has been leading and
providing guidance, in collaboration with industry leaders, on future
generation technologies such as 4G and 5G in mobile telecommunications.
These initiatives tend to benefit the entire telecommunications industry in
both developed and developing world. Consortiums, apart from participating
in ITU standardization projects for future generation technologies, have
their own initiatives for standardizing their equipment, with the aim to
increase compatibility and lower costs of device ownership, especially for
lower income populations.
For instance, the GSM Association together with 17 leading operators and
manufactures adopted an initiative to attain a universal charging solution.
This initiative intended to have a charging system that is compatible
between mobile phone handsets regardless of the manufacturer. Although
this initiative was not directly focused on developing countries,
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electrification is a major problem in African countries. By 2008, electricity
reached only 40 percent of the African population and only 22 percent of the
rural African population (Alliance for Rural Electrification, n.d.). The
absence of power installations and unreliable power supply even to those
with installed power systems has made phone battery charging an activity
that happens mostly on the go. In many situations, especially in rural areas,
charging is a business done at cell phone charging kiosks. With such a wide
variety of chargers, consumers often fail to charge their phone when an
opportunity arises due to unstandardized charging solutions, causing users
to stay offline unnecessarily due to charging inconveniences.
This initiative has had additional benefits for both the developed and
developing world. The universal charging solution was intended to provide
energy efficient chargers following the industry standards set by the OMTP
(Open Mobile Terminal Platform) that are estimated to reduce standby
energy consumption by 50 percent. Further, on environmental grounds,
there is potential for the elimination of approximately 51,000 tonnes of
duplicate chargers and reduction of greenhouse gasses by 13.6 to 21.8 million
tonnes per year8 resulting from diminished manufacturing and transporting
of replacement chargers.
Advanced and integrated initiatives
Due to the rise in the influence of software and Internet technologies, Africa
has witnessed another wave of initiatives, this time from software and
Internet based companies. Unlike the initial forms of initiatives in which
industry players tended to mainly tackle a specific issue, mainly technical
hurdles with regard to telecommunications access and usage, the integrated
initiatives take a holistic approach. These projects bring together industry
players at various levels to deal with the technical targets and local
8http://www.gsma.com/newsroom/mobile-industry-unites-to-drive-universal-charging-soluti
on-for-mobile-phones/ retrieved 2nd June 2014
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institutions such as universities to implement the initiatives, as well as
forging collaborations with governments for either policy provision or joint
implementation arrangements.
A central feature of Internet companies is the importance of the
telecommunication infrastructure on which the Internet relies to transmit
data, including emerging online services. Therefore, in order to extend the
reach of these services, it is mandatory to have a holistic approach including
technical issues, such as proper designing and implementation of spectrum
allocation, and management policies. The former involve governments and
handset manufacturers, the latter, network operators as the actual buyers
and secondary providers in the spectrum market. Two cases are introduced
to explore these advanced and integrated initiatives and their impact on the
advancement of digitization of the telecommunications industry in Africa.
The first example of an integrated project in the continent is Microsoft’s
4Africa initiative (Gilpin, 2014). The initiative consists of construction of
Internet infrastructure as well as training of ICT engineers, sponsoring of
start-ups and provision of low cost devices. While the latter are more
obviously related to the Microsoft ecosystem, the former is particularly
interesting since it is targeted to a wider goal, namely increasing access to
the Internet. To this end, Microsoft is working with governments in Ghana,
Kenya and Tanzania to release white space frequencies for provision of
broadband connectivity at low cost. For example, in Kenya, the Mawingu
white space broadband project championed by the Microsoft Corporation has
collaborated with the Ministry of Information and Communications, Indigo
Telecommunications Company, and the USAID to provide broadband
services to rural communities. Most of the served areas are very remote,
their populations are rather less dense, and they are not connected to
national electricity grids (Microsoft). With the use of innovative technologies
such as white space frequencies broadband and solar energy, schools and
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hospitals have been connected to the Internet, serving not only those
institutions but also the population living around those areas.
Another case is the Internet initiative introduced by Facebook’s CEO, Mark
Zuckerberg, in conjunction with GSMA which includes major phone
manufacturers, software companies and network operators. This project is
the newest of the integrated initiatives aimed at connecting developing
countries to Internet-based communications. Due to increasing dependence
on mobile telecommunication in developing countries, the initiative will
focus on the reduction of the total cost of ownership of Internet-enabled
mobile devices through open source hardware platforms for low cost mobile
phones for users. It also places importance on smart development of mobile
applications that take advantage of cache memory and compression of data
to reduce infrastructure overload to operators, and diminish data costs to
end users. For operators, the initiative’s research and development aims for
technical innovation that will help to extend the reach of signal transmission
so as to build fewer towers with wider signal coverage.
The Internet.org website reports that the initiative identifies a number of
issues that hamper mass adoption of affordable Internet communications in
developing countries. Some of the issues identified are particularly
policy-oriented, such as lobbying for the reduction of taxation for import of
mobile phones and services, harmonization of spectrum frequencies
including utilization of white space spectrum in order to increase adoption of
mobile broadband, establishment of local Internet Exchange Point (IXPs) to
allow growth and affordability of local contents, as well as evaluating the
effectiveness of Universal Service Funds in expanding the reach of
broadband to the masses.
While the impact of these industry initiatives has not been adequately
discussed in most academic literature, these initiatives have enabled the
African population to access affordable telecommunications services and
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devices. Further, their involvement is increasingly addressing technical,
business and policy issues especially with regard to penetration of advanced
services.
2.3 Comparison between African and EU Telecommunications
Markets
With respect to policy harmonization across multiple countries, the
European Union (EU) and Africa offer interesting characteristics worthy of
study. The EU benefits from a large number of studies which have been
organized to evaluate institutional dynamics taking place in the process of
harmonization of regulation and policies, and internationalization of
telecommunications firms, especially in mobile communication across
Europe.
The EU has a strong influence on international operators such as the UK’s
Vodafone, Germany’s T-Mobile and France’s Orange, whose business
operations span several countries across the region. Although different
approaches to their regulation have been applied and hence present varied
success rates, both the EU and Africa have policy initiatives that provide
guidelines to national regulatory authorities on region-wide common
priorities so as to achieve a harmonized market and support the
development of a single industry across the region.
In contrast, differences between the two supra-national groups are mainly in
matters of institutional organization, local market structure and availability
of alternative infrastructure platforms. Significant organizational
differences exist in the process of harmonizing telecommunications policy
across each region. While in the EU, Member States are subject to EU
directives that apply to all countries across the region, in Africa, the
structure consists of multiple layers, which increases complexity and
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contributes to poor performance. Africa is divided into almost ten different
sub regional integrated areas, each with its own policy harmonization
initiative. As a result, the harmonization process takes place at a pan-Africa
continental level, a regional level, and a country level, making it hard to
establish standards and monitor results across the continent. Further, some
countries are members of more than one sub-regional integrated area; hence,
when it comes to implementation of contradicting policy objectives, such
Member States face a dilemma in how to implement the agreed-upon
initiatives.
Moreover, EU directives are binding in nature, wherein Member States’
telecom regulators are required by law to implement each directive
accordingly, unless a special treatment has been granted to the Member
State. Most policy initiatives in Africa offer voluntary policy targets, and
regulators are not legally obliged to implement them; hence, monitoring and
enforcing regional policy initiatives become difficult (ITU, 2009).
Another difference between these two markets is the presence of “national
champions”. These are firms that used to be under government ownership
before market liberalization and privatization. Although the EU has major
regional operators, countries have strong domestic telecommunications firms
that have significant market share, enough to spur domestic competition
with an international operator; such examples are British Telecom in the UK,
Belgacom in Belgium, and Telecom Italia in Italy. The presence of a strong
domestic operator balances the international Mobile Network Operator’s
(MNO’s) power in the local market of a country and in the entire region as
well. Such a balance can be significant when the country is trying to
implement specific policies. In Africa, only two of the seven international
MNOs are headquartered in Africa, which means that in most cases, the
country’s entire market is supplied by international MNOs, and therefore,
continent-wide regulatory initiatives may be more effective.
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Lastly, since the EU includes countries that are wealthier than African
countries, the telecommunications industry in the EU consists of multiple
competing infrastructure platforms, such as fixed line and mobile phones for
voice communication and xDSL, cable TV, fixed wireless, mobile broadband
and fibre-to-the-home for data communication. Hence, while mobile
technology plays the role of a newer option which is more convenient to EU
users, for the African user, it is the only available form of telecommunication.
Consequently, the well-functioning of mobile telecommunication markets in
Africa plays a pivotal role for the development of the sector in the region,
possibly more so than in Europe.
2.4 Country Case Studies
After describing the liberalization policies and various initiatives taken by
international and governmental actors, this section introduces individual
country case studies. For each country, policy reforms and the development
of the telecommunications industry are described. More specifically, the
social-economic status of the country is briefly explained, and then the
current status of the telecommunications industry in terms of penetration
rate of various services and market structure are expounded. Further, policy
reforms are presented in detail, especially the process of privatization of the
incumbent, introduction of liberalization reforms and establishment of an
independent regulator. Since Africa is a continent with 54 countries after the
creation of the Republic of South Sudan in 2011, it is almost impossible to
provide details for all countries. Thus seven countries, each with a unique
feature, or playing a substantial role in the African telecommunications




Mauritius is a small African island country located in the Indian Ocean, with
a population of 1.2 million residents as of 2013. It had an economy of USD
11.9 billion in 2013, and with a GDP per capita (PPP) of USD 17,220 (World
Bank, 2014), it is one of the wealthiest countries in Africa second only to
Gabon, Libya and Seychelles. Mauritius has enjoyed a real GDP growth of
5.1 percent annually between 1977 and 2009, compared with 3.2 percent for
the Sub-Saharan Africa region (Zafar, 2011). Despite known mainly for its
sugarcane plantations, sugar production has not been the main industry for
many years. The economy began drastic changes in the 1970s to the point
that, in 2013, agriculture accounted for only 4.4 percent of total production,
industry 23.8 percent and services 71.8 percent. The Mauritius economy has
drastically moved from its traditional sectors - sugar, textile and tourism -
and diversified to financial services and information and communication
technologies (ICTs) (OECD, 2005). With trade as a percentage to GDP of
approximately 120 percent in between 2004 to 2013 (AfDB, 2014), it has
positioned itself as an offshore destination of financial services with its
attractive tax regime; thus, the country has become an exporter of
professional services on top of its traditional products. Since the country was
colonized by the Portuguese, French and British, it has leveraged those
historical linkages to define the destination of its current services and
products.
The telecommunications industry in Mauritius is one of the most developed
in the continent, at a level similar to developed economies. In fact, the ICT
value added contributed 6.2 percent to the economy, whereby
telecommunications services comprises almost half of this value (ITU, 2012).
In terms of telecommunications infrastructure deployment, it was the first
country to provide mobile services in 1989 when the Emtel Company
launched mobile services based on the Telephone Access Communications
System (TACS). Significantly, Emtel was allowed to operate even though it
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was a private company. Mauritius was also the first country in the continent
to offer commercial 3G services in 2004, deployed by Emtel. In the year 2005,
it was the first country to deploy and launch a nationwide WiMAX wireless
broadband network, followed by one of the first IPTV services in 2006
(Lancaster, 2014). Consequently, in 2013, the country had a penetration rate
for fixed line of 29 percent, and for mobile services, it presents a saturated
market with 123 percent penetration rate. Further, Internet usage stands at
39 percent (ITU, 2014a). The country gets reliable data connectivity to
international information superhighways through two submarine fibre optic
cables: LION and SEAS.
The incumbent telecom in the country is Mauritius Telecom, which was
formed in 1992 from the merger between Mauritius Telecommunication Ltd,
which served the local market, and Overseas Telecommunications Services
Ltd, which provided international calls. In 1996, Mauritius Telecom
established Cellplus Mobile Communications Ltd and Telecom Plus Ltd,
both as its whole owned subsidiaries. The former provided mobile services
through a GSM network; the latter became a data services arm of the
incumbent, which in 2006 came to provide dial-up Internet services over the
parent company, Mauritius Telecom’s, fixed network. During this time, as in
many countries, telecommunication services were provided by the incumbent,
Mauritius Telecom (MT), under the sole management of the Government of
Mauritius. Emtel Company, despite being the first to introduce mobile
communications, failed to launch GSM technology until after liberalization
of the market became a reality.
The Mauritius telecommunication market was liberalized in 1998 following
enactment of the Telecommunication Act in the same year, which came on
the heels of the General Agreement on Trade in Services (GATS) of the
World Trade Organization. After the liberalization, privatization begun by
selling 40 percent of Mauritius Telecom to a strategic partner, who would
also take management responsibilities of the company. The government
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called for a bid, as advised by the consultant Canadian Imperial Bank of
Commerce (CIBC). Three bidders showed interest, France Telecom with
USD 261 million, Vivendi with USD 261 million, and Portugal Telecom with
220 million. France Telecom won the auction, and became a strategic partner
for Mauritius Telecom. Under the agreed-upon contract, France Telecom is
paid for its management services to the joint venture as a percentage of total
revenue, capped at a maximum of 5 percent. The management services
include training, technology leadership, investment and connection to
strategic industry entities.
Perhaps one of the most intriguing features is the policy and action position
the government of Mauritius has taken with regard to telecommunications
and telecommunication-enabled industries. The government has been very
active in the digitalization of the economy by creating institutional support
within the government as well as the private sector though a series of
initiatives. In 1971, the Data Processing Division (DPD), which later came to
be the Central Information System Division (CISD), was established to
support the government with IT services including online presence, payroll
systems and information technology technical support. In 1988 Mauritius
Telecom Ltd was formed, restructuring the organization into a
corporation-like entity from the Department of Telecommunication in which
it was just another government department. In the same year, the National
Computer Board (NCB) was established to consult the government on issues
pertaining to the development of the ICT sector in the country, while in the
following year, 1989, the Central Informatics Bureau (CIB) was created for
planning and implementation of computer technology in the Civil Service.
Following this diligence of the government to develop the
telecommunications and telecommunications-enabled industries, which in
turn made available abundant and reliable telecommunications
infrastructure and IT-ready human resources, Mauritius has been able to
develop into a world class Business Process Outsourcing (BPO) destination.
53
As of 2012, over 270 companies were offering various BPO services including
data centres, payment exchanges, data recovery centres (DRC), and business
continuity planning (BCP). In 2013, the ICT-BPO industry, which included
telecommunications services, IT and BPO services, accounted for 6.5 percent
of GDP, and is expected to reach 8 percent in 2015 as it grows at 12 percent
per annum. Indeed, Mauritius is not only a leader in developed
telecommunications infrastructure and penetration, but also in ICT enabled
industries. The country has been able to spur its economic growth through
foreign direct investment into new and existing businesses and increasing
employment opportunities.
Case 2: Ghana
Ghana is a West African country with a population of about 26.46 Million
(NCA, 2014), and an economy of USD 47.93 billion in nominal prices. It had a
GDP per capital of USD 1805.2 in 2013 from less than USD 500 in 2004. The
economy depends primarily on agriculture and natural resources. Prices of
gold and cocoa went up between 2008 and 2011, which helped to increase
GDP. The country has experienced an average GDP growth rate of 6 percent
for the past six years, even though it dropped in 2013 to 5.5 percent and is
expected to remain around 5 percent. Ghana has been endowed with many
natural resources, especially diamonds, gold, bauxite and manganese.
Further, the country is known as the second largest cocoa producer and
exporter in the world. Although the country has not been as well known for
oil production, in 2007 large reserves of soft crude oil were found, making it
one of the top resource-rich countries in Africa. By 2012, its exports consisted
of 44 percent gold, 18 percent petroleum and gas, and 14 percent cocoa beans.
Compared with other African countries, Ghana enjoys greater political
stability and improved public infrastructure. Among others, these factors
have boosted investment in the private sector and notably impacted GDP
54
growth. However, high inflation, which reached 14 percent in February 2014
- 0.5 percent more from December 2013 -, affects export and import trade as
Ghana’s currency inflates (World Bank, 2014).
The telecommunications sector has experienced tremendous growth in the
past six years making Ghana currently one of the few African countries with
a saturated mobile market. More precisely, mobile penetration increased
rapidly from 52.4 percent by the end of 2008 to 110.4 percent in the middle of
2014. As of 2014, six companies have been operating in the mobile sector in
Ghana, dominated by Scancom, the MTN brand in Ghana, with 46 percent
market share, and Vodafone with 23 percent market share. Other operators
are Millicom (Tigo), Airtel, Glo Mobile, and Expresso, with 13.8, 12.2, 4.7 and
0.4 percent market share respectively. Expresso is fighting for survival in the
market (NCA, 2014). Like many developing countries, in Ghana most
consumers use prepaid services and only 1 percent subscribe to post-paid
services. In the fixed line market, there is a nominal duopoly of Vodafone
with 96.8 percent market share and Airtel with only 3 percent.
Data penetration is also among the highest in the continent, fuelled by
mobile broadband. In June 2014, mobile broadband had reached 52.77
percent penetration, Scancom still held the highest market share in mobile
broadband by commanding 50.54 percent of the market, while Vodafone,
Airtel, Millicom (Tigo), Glo Mobile and Expresso had market shares of 18.21,
14.41, 13.83, 2.68 and 0.33 percent respectively. Apart from mobile data, the
Internet market in Ghana is also served by alternative Internet service
providers who use other technologies like ADSL and Fibre optic cables,
although they represent only a small portion of the market. In terms of
international connectivity, Ghana enjoys a robust and reliable access to the
international data superhighway in the form of cables, as well as other
transmission routes in case breakages occur. The Ghanaian coast is a
landing station for four major submarine fibre optic cables connecting
Europe and Africa through the west coast of the African continent. These
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cables are SAT-3/WASC, Main One, GLO-1 and ACE, which in 2014 had a
reported total capacity of 14.66 Terabits per second9. The availability of
abundant bottleneck infrastructure is undoubtedly one reason for the high
adoption of data services in the country.
Institutional reforms have played a critical role in the development of the
Ghanaian telecommunication industry. The government of Ghana clearly
considered the industry as one of the important pillars for social and
economic development. The telecommunications market was liberalized in
1997, following the establishment of the industry regulator, the National
Communication Authority (NCA), through the NCA Act of 1996 (Act 524). In
the same year, the incumbent Ghana Telecom (GT) was partially privatized,
as G-Com Limited, a consortium led by Telecom Malaysia, acquired a 30
percent stake of the company and took over company management and
operations. Further, the government thought of creating competition in the
fixed line network; thus, they offered a second network operator license to
Westel Ltd. In 2002 the government of Ghana, not satisfied with the G-Com
consortium operations, terminated the management contract and bought
back the 30 percent stake in GT. The government kept on running Ghana
Telecom as a wholly state-owned company until 2008 when it resold 70
percent to Vodafone Group Plc for USD 900 million.
In the mobile sector, the government was more proactive in offering licenses.
Even though the official liberalization of the telecommunication market was
in 1997, before that year, the government had already offered licenses to
multiple private companies to operate within the country. For example,
Millcom Ghana Ltd was issued its license in 1991, Celltel Ltd in 1993, and
Scancom Limited in 1995 (Frempong, 2002). Despite these developments,
mobile did not take off during this time, probably due to two reasons. First,
there was no clear established technology, since Millcom deployed AMPS,
9https://manypossibilities.net/african-undersea-cables/ accessed 12th March 2014
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Celltel LTD TACS, and Scancom - which joined later - GSM; as all these
technologies had not yet reached a critical mass they were therefore
expensive. Second, there was no institutional framework to create and
maintain a fair ground (Tobbin, 2010), since the incumbent was still the
regulator. After liberalization of the market and creation of the regulatory
body, the industry started an upward trajectory.
The NCA has been keen in continuously regulating the telecommunications
market by fostering competition and protecting consumers. In 2011, Ghana
adopted a Mobile Number Portability (MNP) policy, aimed at reducing
switching barriers. In the third year of number portability 0.838 million
porting requests had been completed, which was 87 percent more compared
with the second year. When the MNP was launched, NCA targeted a
milestone of completing one million ports by October 2013. Generally from
the inauguration of MNP it has marked a total of 1.655 Million ports
completed. This makes Ghana among the leading countries when it comes to
success in MNP in Africa. The reasons behind Ghana’s success in
implementing MNP have been inferred to be proper preparation for the
challenges that could arise and implementing mitigating strategies
beforehand, and collaboration among stakeholders, in this case the regulator
NCA, the mobile operators and Porting access Ghana (NCA, 2014). In fact,
Ghana has achieved almost instant porting, as time for porting is within two
to five minutes, hence convenient for consumers.
In conclusion, Ghana has been very proactive in setting and implementing
reforms in the telecommunication industry, and the results have been more
penetration of telecommunication services in the country.
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Case 3: Kenya
Kenya has the highest economy in East Africa and is expected to be the first
country to move from low income to middle income among East African
States. The journey from low to middle income has not been easy for
Kenyans, considering the challenges that are facing them. One of the
troubles that Kenya faced was the violence during the 2008 general election,
during which people died and their properties were destroyed. In that year
GDP growth dropped from 7 percent in 2007 to 1.4 percent in the following
year. This was a high drop and slowed down the country’s effort thus
delaying the targeted milestone of becoming a middle-income country. There
are other challenges facing the country such as corruption, high
unemployment to youths, deficient governance, price fluctuation and
susceptibility to climate changes like severe drought. Despite all these
problems, still Kenya has been trying to strengthen different sectors,
especially tourism and manufacturing, by adding value to their products and
exporting both to neighbouring African countries and the international
markets in Europe, United States and Asia. Kenya’s effort has proved
successful after a peaceful election and handling of power. In 2013 its GDP
growth was expected to be 4.9 and above 5.1 percent in 2013 and 2014
respectively according to the World Bank (2014). Even though this growth is
below average compared to other sub-Saharan countries, its economy seems
to have started an upward trajectory after the last peaceful elections.
Telecommunication is among the well-performing sectors in Kenya. Kenya
liberalized its telecommunications markets in 2000, which broke the
incumbency of Kenya Telecom as a fixed line provider, including that of its
whole subsidiary Safaricom. Upon liberalization, the regulator,
Communication Commission of Kenya, was formed to regulate
telecommunications and broadcasting issues; it was later in 2014 rebranded
to Communications Authority. Kenya Telecom was partially privatized by
selling 51 stakes to France Telecom in 2006. However, in 2000 Safaricom
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was already partially privatized, as the Vodafone Group Plc bought 40
percent. Currently, Vodafone still owns 40 percent, the government of Kenya
owns 35 percent, and 25 percent is floating in the Nairobi Stock Exchange. In
the telecommunications sector, mobile is the most adopted technology with a
penetration standing at 78.2 percent in 2013. The market is dominated by
Safaricom, which has 67.8 percent of the market share, leaving the
remaining three mobile operators sharing the outstanding 32.2 percent
market share (Airtel – 16.5 percent, Essar – 8 percent and Orange – 7.7
percent).
Furthermore, Internet penetration has reached 53.3 percent which is a huge
milestone and promising for the future success of the sector as penetration is
above 50 percent but also still a very crucial time for new investors to join
the market before it reaches saturation. In a recent report (March 2014), the
number of Internet users was 21.7 million. Among those, about 13.4 million
(approximately 61.6 percent of all users) are using mobile data, while the
rest are using fixed wireless data, satellite data, fixed DSL data or fixed fibre
optic data.
Considering other Telecommunication Value Added Services (VAS), Kenya is
a country which performs well and managed to be innovative enough to come
up with new services which do not only benefits Kenyans but many other
developing countries as well. For instance, Mobile Money, which started in
Kenya, known as M-Pesa, has been adopted in many developing countries in
Africa and even other countries outside the continent. Through Mobile
Money technology, a population that never had access to traditional banking
systems got a chance to be connected to these financial institutions.
Moreover it has created employment, which is a challenge in many
developing countries. As per a March 2014 report the subscribers of M-Pesa
counted 26.2 million, served by 103,660 agents (all these agents are new
employment positions which were not there before). It has been noted that
when mobile money was happening in Kenya, a similar mechanism was in
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initial implementation in Philippines; nevertheless, in 2013, the service
penetration in Kenya was the highest in the world, and the transactions
handled by the M-Pesa platform accounted for about one third of the Kenyan
economy. Apart from M-Pesa, other services are supported by the platform;
Safaricom, the company behind the successful M-Pesa, joined forces with
British American Insurance (BRITAM) Kenya and Changamka
Microinsurance Ltd to launch a micro insurance service known as “Linda
Jamii” a Swahili language phrase meaning “protecting society”.
In terms of telecommunication infrastructure, Kenya has one of the most
developed networks in the continent. The country, especially the government,
has been very aggressive in increasing connectivity through submarine fibre
cables. In 2007 at a time when the country had no submarine fibre
connectivity, the regulators were concerned with the functioning of the then
on-going collaborative project being implemented by a consortium of
neighbouring countries (EASSy). The Kenyan government, under the
leadership of Dr. Ndemo, the then permanent secretary of Kenya’s Ministry
of Information and Communications, engineered the rollout of the TEAMS
submarine fibre cable to directly connect Kenya and the United Arab
Emirates, a project which was completed in 2009. In 2013, the country had
data connectivity through four submarine fibre networks: SEACOM, EASSy,
TEAMS and LION. In fact, it is the country with most submarines cables
terminated on, with the exception of Egypt. With this abundance of
terrestrial fibre networks, in 2013 Kenya had eight companies operating a
terrestrial network in the country, namely Access Kenya, the National
Optical Fibre Backbone Infrastructure (NOFBI), Safaricom, Kenya Data
Network, Telkom Kenya, Jamii Telecom, Kenya Power and Airtel Kenya.
Although these networks have made the country’s network robust and
resilient, most of them are concentrated in the southern part of the country;
stretched from Mombasa, through Nairobi the capital, to Kisumu and
towards Uganda.
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With such a robust terrestrial fibre and international data connectivity
environment, which has come into existence only recently, the government of
Kenya is making great effort to use the available infrastructure for economic
and social activities. For example, in the past 10 years, Kenya has launched
two national ICT strategies, in 2006 and in 2014. In the fifth chapter of the
2006 strategy, the government committed to employing Business Processing
Outsourcing services in the wake of the coming submarine fibre network, in
line with the main document motto: “collaboration and outsourcing for
economic growth” (ICT Authority, 2006). By the end of 2013, there were 39
BPO operators in the country (ICT Authority, 2014). In the 2013 document,
the Kenya National ICT Master plan covering the period 2013/14 – 2017/18
has the motto “towards a digital Kenya”. Its main objectives are first, to work
with relevant government entities to promote ICT innovation and
commercialization; second, to create a favourable environment and support
IT enabled services firms, and third, to promote and monitor the local ICT
industry. The plan aims to boost Kenya’s position as one of the hubs in BPO
in 2017.
Case 4: Nigeria
Nigeria is the largest African economy and 26th biggest economy in the world;
a position which it took in 2014 after rebasing its economy to 2010 figures,
after accounting for economic changes that had happened in the nation since
it was last rebased in 1990. The economy in 2014 was USD 510 billion, ahead
of South Africa and Egypt. It had an annual economic growth rate of over 7
percent for the previous decade. Nigeria is also rich in natural resources,
mostly oil production, which account for approximately 10 percent of the
economy; hence it has benefited from the high price of this commodity in the
recent years. By the first quarter of 2014, the Nigerian economy consisted of
53 percent services sector, 27.4 percent industry, while agriculture has the
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remaining 19.6 percent. Nevertheless, agriculture provides employment to
two thirds of the population. The services sector has been the fastest growing
part of the non-oil economy, fuelled by telecommunications, film (branded as
Nollywood), and banking (Nigeria Bureau of Statistics, 2014). Further,
Nigeria is the country with the largest population in the African continent,
with approximately 170 million people. Nigeria is nonetheless still faced by
various challenges stemming from a large, but widely dispersed population;
as even though its GDP is high, GDP per person is about USD 2700. Its
inhabitants are still facing power cuts, congested traffic, corruption and
religious conflict especially in the North, which hinders some investors from
expanding there. But despite the afore-stated challenges, still, its size, riches
and national policies attract both foreign and local investors.
The telecommunications industry in Nigeria is one of the most competitive
ones in the continent, and very attractive to investors due to the large size of
its population compared with a large number of small sized and sparsely
populated countries in the continent, alongside its rate of economic growth.
By the first quarter of 2014 there were nine mobile operators, of which five
were using GSM technology and four CDMA technology, and five active fixed
line operators. Nigeria became the largest mobile market in Africa in 2008,
surpassing South Africa, based on the number of users. In the first quarter of
2014, the telecommunications industry contributed 8.3 percent to the
country’s GDP, making it a leading growing industry.
Despite a large number of players, often due to the critical mass effect, only a
few operators have a significant market share. In terms of technology, GSM
has a market share of 98.3 percent, while CDMA and fixed line have 1.6 and
0.1 percent market share. Nigeria had attained a teledensity of 92.24 percent
by April 2014, and the four active mobile operators MTN, Airtel, Globalcom
and Etisalat enjoyed market shares of 46, 20, 19 and 15 percent respectively.
As for data usage, 38 percent of the Nigerian population use the Internet,
from only 1.3 ten years earlier. The rise of data usage is supported by the
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competition in building 3G, 4G and terrestrial fibre networks between
mobile operators and dedicated long-haul infrastructure providers. Further,
Nigeria is a busy landing station with four submarine fibre cables - GLO 1,
Main One, ACE, SAT-3/WASC/SAFE - connecting it to Europe and South
Africa. The availability and robustness of these key infrastructure works has
been a firm foundation for continuing mobile broadband penetration in
Nigeria.
All of these developments would not have been possible under the legacy
telecommunications regime. Liberalization, which started early in Nigeria,
played a major role in the creation of the current dynamism led by private
investment. Nigeria liberalized its market in 1992, the second country to do
so in the continent. Liberalization included the establishment of an
independent regulator, the National Communications Commission (NCC), to
regulate the industry and foster technological advancement. Due to political
instability, the industry remained almost stagnant until 2000 when a new
telecommunications policy was enacted. In the same year there was an
auction for GSM licenses, whereby MTN, Mtel and Econet wireless
(currently Airtel) were awarded licenses. Since then, the government of
Nigeria and the regulator have been proactive in the promotion of
telecommunications in the country. For example, to ensure that Nigeria is
well poised with policies that promote development of the sector, they
enacted a Telecommunication Act in 2003.
Further, in order to improve sector accessibility to investors the Nigerian
regulator (Nigeria Communication Commission) adopted the Unified or
Converged Licensing Framework in 2005, which made the
telecommunications market more open so as to encourage investors. In
unified or Converged Licensing operators with fixed wireless licenses or
mobile wireless licenses can provide both fixed and mobile wireless
regardless of their prior license. Converged markets licenses enable firms to
provide voice, data and multimedia services.
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The adoption of Unified Carrier License (UCL) led to fostering of new
technologies, which in turn led to new services and applications. By
minimizing market entry barriers and operation costs, the new framework
encouraged all kinds of investors to operate in the market, ranging from
large-scale consortiums to micro entrepreneurs. Moreover, competition was
fostered as operators were more flexible and a large number of investors was
investing in the market, so that every operator strove to be the best and
affordable but at the same time to get as much profit as possible while
maintaining or acquiring more market share all at the consumers’ final gain.
In 2013 the government, through the Ministry of Communication and
Technology, adopted Nigeria’s national broadband plan with implementation
duration of five years, meaning until 2018. The plan proposes for broadband
usage penetration to reach 42 and 76 percent by 2018 and 2020, respectively.
Given the current economic growth, massive population, and increasing
investment in the sector, the telecommunications industry will likely
continue to grow.
Case 5: Ethiopia
Ethiopia is the second largest African country in terms of population, a home
to more than 90 million people in 2013. With a nominal income per capita of
USD 513 (2012) and PPP of USD 1,366 (2013), the country recorded a real
GDP growth of 10.9 percent in the period 2001 – 2010 (Africa Development
Bank, 2014), making it the third fastest growing African Economy just
behind Angola and Nigeria (Economist, 2011), both resource-rich countries.
Ethiopia is still an agriculture-dominated nation, a sector where most of the
population is also employed. In 2013, agriculture consisted of 42.7 percent of
the GDP, while industry and services accounted for 12.3 and 45 percent,
respectively. The country has a unique political position in Africa, since it is
one of the oldest countries in the continent with a civilization dating back
thousands of years. Further, it was the only African country that defeated
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the European colonial powers and survived the scramble for Africa in the
late nineteen century, with the exception of a five-year occupation by the
Italians from 1936 to 1941. Its capital city, Addis Ababa, has been the
headquarters for the African Union since its inception in 1962, the African
Union being the all-states organization of African governments.
Likewise, the history of the telecommunications industry in Ethiopia is also
one of the oldest in the continent. The first telephone device was brought in
the country in 1889 by Ras Mekonnen, the cousin to the then King of
Ethiopia Manilik II, after visiting Italy. Five years later, in 1894, King
Manilik II established a telephone services company, which was later put
under the Ministry of Post and Communication. The initial service included
a 477 kilometres long telephone line that took two years to build. It
connected Hararr, a commercial centre in the east, to Addis Ababa, via the
small towns in between (Tsigie and Feyissa, 1999). The line was later
upgraded to include telegraph. The Ethiopian endeavour to pursue modern
telecommunications systems for the time did not end there. Two years later,
in 1904, Ethiopia built a North-South 880 kilometre telephone line to
connect Addis Ababa to Asmara, the capital city of Eritrea.
In contemporary telecommunications, the Ethiopian Telecommunication
Corporation (ETC) is the monopolist of telecommunications services, which
include fixed line telephony, mobile services, and Internet, to government
agencies, business, households and individuals, as well as other institutions.
To support its backbone, in 2005 the ETC built a 4000 fibre network
connecting major cities across Ethiopia (IDE-JETRO), however other data
services are supported by various satellite technologies including very small
aperture terminal (VSAT) and digital radio multi-access system (DRMAS).
The current state of telecommunications is rather disappointing. Despite its
long political and telecommunications history, Ethiopia remains one of the
least developed countries in terms of telecommunication services. In 2013,
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mobile penetration was only 27 percent, against the continent average of 63
percent (ITU, 2014b), and greater only than Eritrea and Burundi among
African countries. At the same time, fixed line subscribers were only 0.81
percent. In fact, to this moment, Ethiopia has failed to uphold the leading
role of its early days, and now it has one of the least developed
telecommunications markets, where for example mobile telephones, a basic
device in the rest of Africa and the world, is still a luxury item in the country.
In order to understand what has happened in between the country’s
forward-looking past and stagnant present, it is important to revisit the
institutional development and policy choices that have taken place. Until
1952, telecommunications services were offered by the Ministry of Post and
Communications. In 1952, under the advice of the International Bank of
Reconstructions and Development (IBRD), Ethiopia established a
quasi-governmental board, the Imperial Board of Telecommunications of
Ethiopia (IBTE), as an independent organization to replace what had become
the Ministry of Posts, Telegraph, and Telephone. From this time on,
telecommunications issues ceased to be a department in the ministry and got
their own authority. Despite the separation, IBTE was still functioning as a
governmental body in that it was both regulating on one side and
implementing on the other within the same organization. In 1971, IBTE
made organization changes and changed its name to the Ethiopian
Telecommunication Authority (ETA) (see Tsigie and Feyissa, 1999); however,
its main roles for planning, regulation and operation remained almost the
same.
In 1996, as a result of recommendations from the technical studies done in
1990 and 1994, the functions of regulation and operations were separated. A
regulatory body, the Ethiopian Telecommunications Agency, was established
(Baron, 2010) as an independent entity with the universal functions of a
telecommunication regulator, such as managing spectrum, specifying
technical standards and procedures and regulating tariffs. With this new
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organization, license procedures were established in 1999 under regulation
47/1999. Following the establishment of the regulatory agency, as a critical
step towards liberalization of the industry, the regulator relaxed its
restriction on selling terminal equipment to end users.
Similarly around the same time, the government showed an intention to
privatize the ETC by calling a bid to sell a 30 percent stake including
management services in 2002, a bid that was repeated in 2005 for 49 percent
of the company. However, the government never proceeded despite interest
from investors. In 2010, the government restructured the incumbent,
changed its name from Ethiopian Telecommunications Corporation (ETC) to
Ethio Telecom (ET), and auctioned a management services contract, which
attracted bids by France Telecom, South Africa’s MTN and India’s BSNL.
France Telecom won a two-year management contract. In January 2013,
when the initial two-year management contract ended, the government
decided not to renew the contract (Yewondwossen, 2013), restoring an
in-house management. After the end of the France Telecom management
contract, Ethio Telecom announced a new round of investments to upgrade
its integrated infrastructure to include 40,000 km of terrestrial fibre network
and upgrade its mobile network to 4G LTE in Addis Ababa, and 3G in the
rest of the country. The project funding structure includes a
vendor-financing contract amounting to USD 1.5 billion, which the
government will match with USD 1 billion. The project will be built by
Huawei Technologies, ZTE Corporation and Chinese International
Telecommunication Construction Corporation.
The country is yet to either privatize its incumbent operator or provide
license for Greenfield investments in the country despite investor eagerness
to acquire licenses for mobile telecommunications. It is likely that despite
the procedural liberalization, the Ethiopian government has decided, at least
for now, to maintain the monopoly of the incumbent Ethiopian
Telecommunication Corporation. Nevertheless, the poor performance of the
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Ethiopian telecommunication industry is not due to the lack of investment.
In fact the government invested almost 10 percent of the GDP in the sector
between 2001 and 2010 (Baron, 2010), and continues to do so. However, lack
of competition in the country renders the market problematic due to known
inefficiencies of state-owned corporations, coupled with political interference.
Case 6: South Africa
South Africa is the second largest economy in Africa, and the most
industrialized with advanced infrastructure. In 2013, its economy was
estimated at USD 350.6 billion, with a GDP per capita (PPP) of USD 12,504.
Distribution of sectors in the economy consists of 2.5 percent for agriculture,
31.6 percent for industry and 65.9 percent for services. The country is
endowed with natural resources, especially gold, diamonds and other
industrial metals, most notably platinum, thus it plays a key role in the
global mining value chain. Its major export commodities in 2012 included
gold – 12 percent; diamonds, platinum and coal, 8 percent each. Since its
economy is highly dependent on extraction and export of minerals, it has
suffered recently as commodity prices plunged in the heights of the 2008/09
world financial crisis. Despite heavy investment in the mining sector, the
economy is vastly diversified to manufacturing products, vehicle assembly,
telecommunications, banking and retail. South Africa has the most advanced
financial services industry in the continent and it has been used as the gate
for investors targeting operations in Africa, more specifically Sub Saharan
Africa. It is the only African country that has ever hosted the World Cup
tournament.
Telecommunications is one of the leading industries in the South African
economy and one of the biggest in the world. In 2012, South Africa was the
fifteenth largest country in the world in terms of telecommunications
revenue. The most used technology, as in the rest of the world, is mobile. As
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of September 2012, penetration of mobile services had reached 128 percent,
87 percent of its customer base being pre-paid customers. The market is
distributed among four mobile network operators and one virtual mobile
operator. According to Deloitte (2013), Vodacom commands 47 percent
market share, followed by MTN, Cell C, and 8ta (formally Telkom Mobile)
with 37, 14, and 2 percent respectively. Part of the Cell C’s market share is
supplied by Virgin Mobile, a virtual mobile operator using Cell C’s network.
Following the success in mobile voice communications, mobile Internet
penetration reached 38 percent in 201210, largely fuelled by approximately
20 percent of the population owning a smart phone. Fixed lines, however,
have been stagnant at below 4.8 million connections for the past ten years
(2004 – 2013) having failed to hit 5 million lines. The fixed line market is
shared by Telkom South Africa with approximately three quarters of the
market, and the remainder served by Neotel.
As a major economic hub in Africa, South Africa has been in the fore-front of
modern telecommunications infrastructure, partially out of a necessity for
digital communications in order to support its banking and other service
sectors. In terms of international connectivity, since 1993 South Africa has
had a submarine cable, SAT-2, connecting South Africa through the west
coast of the African continent to Spain and Portugal, stretching over 9500
kilometres and operating at 512 Mbps. Recently the cable has been upgraded
and other submarine fibre cables have been constructed, giving South Africa
connectivity to Europe via the west coast (ACE, SAT3), the east coast
towards the Middle East and sub-continental India (EASSy, SEACOM), as
well as through the SAFE system that connects to South East Asia. Within
the country there are four active terrestrial fibre networks that include
incumbent Telkom’s 143,000 kilometres long network, followed by




Fibreco. Other local fibre networks include those deployed by mobile network
providers. All mobile network providers had launched LTE services in 2012
and 2013, starting in major cities, and gradually expanding to mid-size cities
and townships.
Institutional entities have been a key force that has allowed these
developments to take place. The telecommunication institutional reforms in
South Africa have instigated a gradual progress leading to the industry’s
current state (Hodge, Lipschitz, Sheik and Aproskie, 2008). During the
state-controlled era, the Department of Communication was the main
authority running telecommunication services. In 1993, the assets and
operations of telecommunication services were moved to form Telkom South
Africa limited, wholly owned by the government. At the same year, two main
mobile network licenses were issued by the government to Vodacom – a joint
venture between Telkom South Africa and Vodafone Group Plc (UK), and
MTN (then known as M-Cell); both of them began their services in 1994. Two
years after the country had adopted a democracy, Act 5 of 1996, which was
the States Posts and Telecommunications Reorganization Act, was enacted
to form two regulatory authorities; South Africa’s Telecommunications
Regulatory Authority (SATRA) and the Independent Broadcasting Authority
(IBA). These reforms gave way to further reforms in the sector, and in 1997,
Telkom SA sold a 30 percent stake to Thintana Communications LLC, a
consortium of SBC Communications International Inc (US) and Telekom
Malaysia Berhad (Achterberg, 2000).
Around 2000, it was apparent that there was convergence between
telecommunications and broadcasting. Upon this realization, the
government of South Africa formed the Independent Communication
Authority of South Africa (ICASA) through the 2000 Act of the same name.
Also in 2001, there was Telecommunication Amendment Act 64, which
changed Telkom from the sole provider of fixed line services to a holder of
fixed line license, thus opening a door for a Second Network license in fixed
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line. As a result of these policy reforms, ICASA, as a regulator, granted for
the first time a license for the third mobile operator, Cell C. The process for
granting the Second Network Operator license began; however, it was not
completed until 2006 when it was granted to Neotel. In the same year, the
government wanted to resolve converging issues due to conflicting matters
between the regulation of computer and information technology on one hand
and telecommunications and broadcasting on the other hand. Thus, the
Electronic Communication Act of 2005 (Act No. 36 of 2005) was enacted, to
provide a comprehensive policy framework underling converging
technologies, meaning information technology and telecommunications and
broadcasting, in a technology neutral manner. Finally, one of the more
recent policy reforms has been focused on broadband adoption and usage.
South Africa’s Broadband Policy was unveiled in 2013, aiming to promote
broadband infrastructure deployment at faster data rates, and promoting
usage with the aim to increase inclusive opportunities for citizens.
Apart from the development of the telecommunication industry in the
country, South Africa has been a key instrument for development of the
industry in the rest of the African continent as well. The roles played by
South Africa include, among others, sourcing its investments and technology,
as well as offering a doorway for international investors focusing on the
African telecommunications market. For the former, for instance, MTN,
besides being a South African player, also has the largest number of
subscribers in continental Africa in general, leading the sector in key African
markets such as Nigeria, Ghana and Uganda in terms of 3G and 4G
deployment as well as market share. Telkom, the incumbent, has operations
in 38 countries in Africa including Kenya through ISP Africa Online, and in
Nigeria through Multi-Links. Furthermore, both MTN and Telkom SA have
played a crucial role in consortiums that have invested in the submarine
fibre cables surrounding the African continent. For the latter, Vodacom has
been a gateway through which the Vodafone Group Plc has invested in the
71
continent. Although Vodafone orients some of its investments directly to
individual countries such as GT in Ghana, and Safaricom in Kenya, most
operations have been through South African based Vodacom. Thus, through
South Africa, the continent has substantially increased access to and
utilization of both basic and advanced telecommunication services.
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Chapter 3: Market Structure, Infrastructure and
Services Development
In chapter two, we focused on the policy reforms which were one of the key
pillars of African telecommunications development. In this chapter, the
development of telecommunication infrastructure is explored, in particular,
as a reaction to said policy reforms. Section one describes the infrastructure
development in key elements: voice, data and value added services (VAS).
Section two will cover the industry structure in the African
telecommunications industry, both at continental level and national level.
Lastly, section three will present two case studies of the leading
telecommunications infrastructure and services providers.
3.1 Key Infrastructure Developments
3.1.1 Voice Infrastructure
Voice infrastructure in Africa comprises of both fixed and mobile
technologies. However, the market is dominated by mobile technologies
while fixed line has remained stagnant since 2000 at a penetration rate of
about 2 percent, most of which is concentrated in a few countries, mainly
Egypt and South Africa. Although fixed line technology has developed from
analog to digital with enhancement of data transmission from ISDN to DSL
to ADSL to VDSL, most African countries have failed to actively upgrade
their network as the market has primarily moved to prefer mobile
technologies.
In voice mobile infrastructure, which dominates the voice market, two
technology families have been competing, namely the CDMA (Code Division
Multiple Access) family and the GSM (Global System Mobile)
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Communications family. CDMA, including its variations such as cdmaOne
and cdma2000, have failed to break through in the African market, although
many small operators including some incumbents committed to deploy
CDMA technology. In most countries, as the fixed incumbents realized that
there was difficulty in expanding their network, they opted to deploy
wireless local loop that would provide their users with some degree of
flexibility and mobility. For that reason, most incumbents introduced
CDMA-based wireless local loop. In countries with a strong incumbent such
as Angola, CDMA has been successful (Williams, Mayer, & Minges, 2011).
CDMA has also been adopted by small operators, due to its being supplied by
Chinese manufacturers such as Huawei and ZTE. For example in Nigeria,
while there are more than 10 operators offering telecommunication services
though CDMA technology, there are only four GSM operators. Nonetheless,
the overall penetration rate of CDMA technology is less than 2 percent, while
GSM has about 97 percent. To compete with the GSM family, CDMA
operators were the first to offer data communication on wireless devices.
Wireless Intelligence estimates that in 2009 there were 8.4 million CDMA
EVDO in Nigeria who could access data, with only 350,000 3G subscribers.
On the other hand, GSM and its variations, GPRS, EDGE, UMTS, HSPA,
HSPA+, LTE, arranged in order from second generation GSM, to third
generation starting from UMTS and fourth generation starting from LTE,
have gained the biggest share in the African market. The GSM technologies,
which originated in Europe, have overall more than 90 percent market share.
There are several reasons for the proliferation of the GSM technologies in
Africa both in terms of institutions and technical familiarity. The first reason
is the technology-specific regulation that was adopted by most of the African
countries. That is, countries specified the exact technology they would want
the infrastructure developer to deploy. This is contrary to the Converged
Licensing Framework (CLF) which relaxes restriction on technology to be
deployed. Second, most multinational mobile telecommunication operators
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had chosen to adopt GSM technology before they had started the
internationalization strategy, such examples being MTN and Vodacom.
Therefore, when they began to internationalize, they had already created
business connections within the GSM ecosystem, and had expertise in
deploying, managing and optimizing GSM
Currently, more countries are switching to CLF as communication becomes
largely digitalized and an interoperability barrier among standards is
minimized meaning that perhaps more technologies will get to the market in
the future.
3.1.2 Data Infrastructure
The availability of broadband infrastructure plays the most fundamental
role in the race towards the increase of broadband subscription and the use
of Internet services. While the African region has made progress in terms of
penetration of basic telecommunication services, it still lags behind in access
to broadband infrastructure and usage of Internet services. For example, in
2009, Africa, which consists of 15 percent of the global population, accounted
for only 0.2 percent of international Internet bandwidth, and only 9.6
percent of the population were using the Internet in 2010, most of them in
North African countries and South Africa. Table 3.1 shows the distribution of
international bandwidth as well as the number of Internet users among
continental regions.







Africa 38,535.0 0.2% 9.6%
Americas 4,889,491.0 20.7% 55.0%
Arab states 324,575.3 1.4% 24.9%
Asia - Pacific 2,504,479.1 10.6% 21.9%
Europe 15,676,560.0 66.4% 65.0%
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CIS 176,167.0 0.7% 46.0%
Source: ITU
Until recently, poor penetration of broadband in the continent has been
attributed to the unavailability of access infrastructure, monopolistic and
inadequate investment in international data connectivity, predominantly
expensive and low capacity satellite links, lack of local routing facilities such
as Internet eXchange servers (IPX) and absence of last-mile connectivity to
end-users given the limited penetration of fixed line. These factors have led
to poor data connectivity and prohibitively high prices to the poorest; hence,
broadband penetration and Internet usage in Africa have remained very low,
lagging behind other regions in the world (Gillwald, 2003).
Nevertheless, the situation is changing; recent technological advancements
and investment in data networks in African countries are rapidly improving
broadband access and use. In order to understand the recent developments
and the changing ground on data connectivity, the data infrastructure value
chain is described in figure 3.1. More specifically, data infrastructure can be
discussed in terms of three sub-sections, international and regional
connectivity, national backbone, and last-mile connectivity, which includes
fixed or mobile connectivity to end-users.
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Figure 0-1 - Broadband communications supply chain
Source: Adopted from Mark D. J. Williams (2010)
3.1.2.1 International data connectivity
Unlike other segments in the broadband communications supply chain,
international data connectivity had been the biggest stumbling-block in the
development of broadband services in Africa. Fundamentally, international
data connectivity is provided through satellite technology or fibre cables that
connect to the international data super highways. Until 2000, most of the
international connectivity in the continent was provided by a handful of
operators of satellite technology, which is characterized by low data
transmission capacity, and high costs per Gbps transmitted. There are two
exceptions to this narrative. South Africa had the South Atlantic 1 (SAT 1)
network which started service in 1967 to facilitate international phone
communication. SAT 1 was upgraded in three phases each time adding more
capacity and landing points along the west Africa coast to the current
SAT3/WASC network which began service in 2002, having a maximum
capacity of 340 Gbps, stretching from Malaysia, connecting to South Africa
through Mauritius, then along the countries in the west coast of Africa to
Europe. Another exception is SEA-ME-WE2 which ran between Asia, the
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Middle East and North Africa to Europe connecting Djibouti, Egypt,
Tunisia and Algeria. SEA-ME-WE2 began its operations in October 1994
with a total capacity of 1.1 Tbps. Even with these two fibre networks, almost
all communications in the other countries were channelled through satellite
communication links.
Towards the end of the first decade after the turn of the century, the
continent began to attract investments in undersea fibre cables to boost
international data connectivity. Table 3.2 shows details of different projects
for major international submarine fibre data cables that connect the African
nations to the global information superhighways. Most of these cables
connect through a number of countries on the shore.
Table 0-2 - Completed submarine cables connecting to Africa, 2013






1630 $33 0.32 Q2 2007
SAS-1 333 $38 1.28 2012
SEA-ME-WE
4
20000 $500 1.28 Q4, 2012
I-ME-WE 12091 - 10 Q4, 2010
EIG 15000 $700 3.84 Q3 2010
Algeria-Spain $14 -
FEA 27000 $1600 4.68 Q4 2007
FLAG Hawk 2.72 2011
MENA 9100 $370 5.76 Q2 2012
TE North 3600 $125 1.28 2010
Silphium 425 $10 1.2 Q1 2013
EAST AFRICA
SEAS 1900 $35 0.02 Q2 2012
11There are several small cables in the region which are not included in the table.
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TEAMs 4,500 $130 1.28 Q3 2009
SEACOM 13,700 $650 2.6 Q3 2009
LION2 2700 $76 1.28 Q2 2012
LION 1070 $37 1.28 Q3 2009
EASSy 10000 $265 4.72 Q3 2010
WEST AFRICA
SAT3/SAFE 13104 $600 0.34 Q2 2002
MaINOnE 7000 $240 1.92 Q2 2010
GLO-1 9500 $800 2.5 Q3 2010
WACS 14000 $600 5.12 Q3 2011
ACE 14000 $700 5.12 Q2 2012
Atlantis II 12000 $370 0.16 Q1 2000
Source: www.manyposibilities.net retrieved 3rd February 2014, and
TeleGeography (2014)
Development of submarine cables in North Africa began earlier than the rest
of the African countries and it is the most connected region of Africa. Despite
the presence of somewhat smaller cables, major projects were witnessed in
2007 with the completion of the Atlas offshore and FEA cable systems that
brought to the region a combined capacity of 5.0 Terabits per second. In fact,
as of 2013, North Africa was still the African region with the highest
capacity of international data connectivity through submarine cable systems,
with more than 32 terabits per second, when only accounting for large
systems. North Africa has generally benefited from major infrastructure ties
with European countries ranging from power interconnection to gas pipes
and other energy products. In addition to its proximity to European
countries, the Mediterranean Sea, which the region borders on, has a high
concentration of cable systems, such as SEA-ME-WE, I-ME-WE and FLAG,
which connect Asia to Europe. Thus, it has economically been cheaper for
North African countries to connect to these cable systems.
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Countries on the west shore of the African continent had earlier connectivity
through submarine cables; however it was only a limited capacity. In early
2000 the Atlantis II cable system with a capacity of 0.16 Terabits per second
was completed, connecting Argentina and Brazil on the South America side
to Spain, with landing points in Senegal and Cape Verde in West Africa.
Apart from this cable, West African countries also benefited from the WACS
SAT3 / SAFE cable system that was upgraded to 0.34 Terabits per second in
2002, which ran from South Africa with landing points in West African
countries to Europe. Towards the end of the same decade, major submarine
cable systems were completed, namely Glo1 and MaINOne which added 4.42
Terabits per second international connectivity capacity in 2010. These cables
are mostly financed and run by emerging Nigerian companies and they play
an essential role in the data traffic between West Africa and Europe. Since
Glo1 and WACS only serve the West Africa regions, there was a high
demand for access to them from countries both in the eastern and southern
regions of continent. In 2011, the WACS cable from South Africa to Portugal
and the United Kingdom was completed with a capacity of 5.12 Terabits per
second, and in 2012 the French Telecom-led ACE cable on the same route
from South Africa to France, Spain and Portugal was completed, adding 5.12
Terabits per second. Note that it seems that South Africa has chosen to use
the west corridor instead of the east one for its connectivity to European data
super highways. Thus, it is considered to be part of the development of the
western shore cable systems.
East African countries have been the last to be connected to the
international information superhighway, with the exception of Reunion and
Mauritius islands that were connected to the SAFE cable system connecting
South Africa to Malaysia and India. Starting from no cables at all, in 2009,
the first three cable systems namely SEACOM, TEAMS and LION were
completed, each adding 1.28 Terabits per second to the international
superhighway. The first cable system was SEACOM running from South
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Africa to London through the East coast, with fourteen landing points in
between, geared to serve the East African market. In 2012, the SEACOM
cable system was upgraded to 2.6 Terabits per second to match demand
rising from East African countries. In 2010, the EASSy submarine cable
system was completed, and was the first project that was conceived by East
African governments. The cable added 4.72 Terabits per second connectivity
to the region, with ten landing points between South Africa and Sudan. It
was the first cable to connect most East African countries directly to the
global data superhighways that connect to Europe and North America.
Lastly, to connect the islands in the eastern side of the African continent, in
2012, two cables were completed. LION2 connects the Mauritius,
Madagascar, and Reunion island nations to Kenya, with a capacity of 1.28
Terabits per second, while SEAS (0.2 Terabits per second) connects
Seychelles to Dar es Salaam in Tanzania. Unlike other cable projects in
Africa, which tend to include partnerships between many countries the cable
passes, TEAMS is rather country specific. It was spearheaded by the Kenyan
government, gaining mainly local shareholders and resulted in a submarine
cable system that has only two landing points, the initial landing point being
in Kenya and the destination one in Fujairah, in the United Arab Emirates.
Combining all of Africa, more than 20 submarine cables have been completed
between 2007 and 2013, almost half of them in North Africa. However,
projects that connected the North African countries were not necessarily
planned to connect all of Africa, as explain earlier. Nevertheless, the African
region has caught up with international connectivity. Figure 3.2 shows the
rapid increase in international bandwidth capacity that has been made
available to African countries outside of North African countries (i.e in Sub –
Saharan Africa) via completed submarine cable systems.
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Figure 0-2 - Submarine fibre cable length and accumulated international connectivity
Source: Author, www.manyposibilities.netretrieved 3rd February 2014, and
TeleGeography (2014)
International bandwidth has increased close to 100-fold from its initial level
of 0.34 terabits per second; in the same vein, there are now more than 90,000
kilometres of high technology submarine cable systems connecting a large
number of African countries, compared with only 13,000 kilometres in 2002
connecting only a handful of countries. Figure 3.3 shows the state of
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Figure 0-3 - African Undersea cables map, 2014
Source: www.manyposibilities.net retrieved 5th April 2014
An important question is whether deployment in submarine infrastructure
will continue, especially the construction of new routes in order to provide
robust connectivity in case of cable malfunctioning, as well as upgrading
capacity of the available cable systems. TeleGeography reports that
investment activities in deploying undersea fibre communications are still
the highest in Africa compared with the rest of the world as more projects
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come to completion, and cables that were installed a few years ago are being
upgraded to support high data transmission rates. In fact, TeleGeography
(2014) estimates that Africa will account for the largest combined
investment in construction of new submarine cables entering service
between 2012 and 2015, with projects totalling around USD 1.6 billion (see
figure 3.4)
Figure 0-4 - Investments in construction of new and upgrading of existing submarine
cables
Source: TeleGeography (2014)
3.1.2.2 Terrestrial backbone networks
Terrestrial backbone networks refer to the long-haul transport or back-haul
network infrastructure that aggregate and transmit traffic generated from
one region to the other, usually within the same country. Two technologies
are mostly used for this purpose: microwave link and terrestrial fibre
networks. The former has low initial cost and a low maximum capacity. In its
maximum utilization, it has high unit cost (in terms of data transmission in
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bits per second). On the other hand, the latter has high initial cost, a high
maximum data transmission capacity, and low unit cost. Furthermore,
compared to wireless backbone infrastructure, fibre networks have twice as
long lifespans, and can be easily upgraded to support transmission to
multiple times the original capacity by changing technology and equipment
on the nodes; hence, they can be adapted to demand. Generally, microwave
links are deployed in low data traffic areas with sparse populations, while
fibre networks are deployed in high data volume environments, to enable
investors to recoup their initial investments. The national terrestrial
backbone networks play an important role in complementing submarine
data cables by providing data access infrastructure beyond the landing point,
which is most often on the shore. In fact, without robust terrestrial backbone
networks, the general population would barely reap the benefit of high speed
data connectivity offered by the submarine cables.
Given the proliferation of mobile networks in African countries, especially
second generation GSM that supports voice transmission and limited data
transmission applications such as short messages (sms) and multimedia
short messages (mms), most backbone networks were deployed using
microwave technologies. For instance, in Sub Saharan Africa in 2009, three
quarters of the backbone transmission infrastructure, approximately
508,000 kilometres, were built on both microwave and fibre-optic cables;
while the remaining one quarter of the terrestrial backbone network was
operating on satellite technology (Williams, 2010). At the same time, fibre
network consisted of only 12 percent of the total terrestrial network
infrastructure. This situation reflects the dominance of voice
telecommunication in the continent. Consequently, the heavy dependence on
microwave connectivity led to the lack of capable backbone infrastructure to
support increasingly large data-driven online applications. Therefore, the
network technology for a while posed a barrier to the development of
broadband in Africa.
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However, the situation is changing fast as countries devise strategies to
include ICTs in their development agenda. The big wave in deployment of
submarine fibre optic cables around the African continent is still in motion,
followed by a new wave in the deployment of terrestrial fibre network
infrastructure. Figure 3.5 shows terrestrial fibre networks in the African
continent as of the year 2009.
Figure 0-5 - The map of terrestrial fibre optic cables in Africa, July 2014
Source: http://afterfibre.net/ retrieved 12th June 2014
The development of terrestrial backbone infrastructure has different
features depending on the technology adopted, which in turn reflects certain
characteristics of the African telecommunications market. The microware
and satellite networks are mainly owned by mobile telecommunications
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firms and international satellite operators respectively, with little
investment and/or ownership from governments. Microwave backbone
networks have been developed individually by each mobile network operator
until recently, when independent infrastructure companies such as Helios
Towers Company, which build, maintain and lease network assets, have
emerged to offer backbone infrastructure that can be shared by mobile
networks through lease agreements. In the case of satellite communications,
the infrastructure has been supplied by international operators mostly based
in Europe and South Africa. While it has been mainly used for international
traffic, in countries such as the Democratic Republic of Congo, satellite
communications carries almost 90 percent of the national backbone traffic,
due to the vastness of its landmass.
Terrestrial fibre backbone network is still a new phenomenon in Africa.
Focusing on the investment and deployment activities taking place on the
ground, two diverse strategies can be observed. First is the government-led
deployment in which the state carries out the obligation to design and build
the fibre backbone network which is then leased to network service providers.
The proponents of this strategy consider backbone fibre network to be a
bottleneck infrastructure based on the fact that it requires high initial
investment, which may not be attractive to firms. Even when a firm decides
to invest in fibre optic backbone infrastructure, it is likely to pursue selective
deployment to regions where there is high demand for data services, and for
the time being these places correlate with high income and high education.
This firm behaviour tends to deepen the digital divide among regions in the
country. Hence, governments develop an overall plan, and deploy a national
fibre backbone network with coverage to all regions, usually following an
open-access and non-discriminatory framework for service operators. In most
countries, government deployment of national backbone fibre infrastructure
is part of the overall national broadband and ICT policy.
87
If all stakeholders are well consulted, this strategy benefits the society by
reducing duplication of efforts, however the end result suffers in terms of
robustness of the service due to lack of alternatives to channel traffic in case
of network failure. Generally, governments entrust these networks to the
incumbent operators – usually fixed line operators. However, a few
exceptions exist, for example South Africa has created a whole state-owned
company, Infraco (Pty) Ltd, which manages the government-built fibre
backbone network. Table 3.3 shows some African countries that have taken
the government-led strategy to develop broadband infrastructure.
Table 0-3 - Government-led fibre backbone network infrastructure in Africa
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For example, the Tanzanian government decided to deploy a national fibre
broadband network that would include two major networks. First, the
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National ICT Broadband Backbone (NICTBB) network which consists of a
total of 10,000 kilometres and was deployed in two phases: phase I and II
that would cost USD 70 million and USD 100 million respectively. The
project intended to rollout fibre backbone infrastructure to all regions and
district headquarters, connecting with eight neighbouring countries hence
giving its landlocked neighbours connectivity to three submarine networks
the country has access to, namely SEACOM, EASSy and TEAMS. The
network is managed for the government of Tanzania by the Tanzania
Telecommunication Company Limited (TTCL), the incumbent fixed line
operator. The second network is based on region networks; in this network
the Tanzanian government together with a consortium of mobile operators
has invested USD 70 million to deploy 90 kilometres of the intra-region fibre
backbone network known as Metro Fibre Backbone Project.
As an alternative to government-led deployment, some countries have
liberalized their markets and have been able to attract the private sector to
deploy fibre backbone infrastructure. An example of such countries is
Nigeria, which is perhaps the most competitive backbone market with more
than five backbone infrastructure providers of fibre networks. These include
Galaxy Backbone Plc, Phase3 Telecom Ltd, Backbone Connectivity Network,
Glo1 fibre network and MTN fibre network. Further, South Africa and
Kenya each have more than three private fibre backbone infrastructure
providers. This does not mean that these countries do not have government
owned national fibre backbone infrastructure; rather, they have both
state-owned and privately-owned fibre backbone networks. One feature that
can be seen in countries that have been able to experience private sector
involvement is that the private sector began deployment of their
infrastructure before the government-led network. In these instances the
government backbone network was essentially created to address the digital
divide in areas that were not connected.
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So far, ownership of African fibre networks has been highly localized,
concentrated on governments and local investors, unlike the mobile services
segment which is dominated by Pan-African mobile network operators. To
complement government efforts, Liquid Telecom, a subsidiary of the
Zimbabwe-based Econet Company, has developed the largest private-owned
terrestrial backbone network in the continent. As of 2013 the firm had
deployed a fibre network, and bought fibre network assets from Kenya Data
Network, Ugandan Infocom and Rwandan Altech Group. Thus, its fibre
network includes a total of 17 kilometres in 9 countries in the Eastern and
Southern Africa. As shown in figure 3.6, Liquid Telecom has fibre network
operations in South Africa, Zimbabwe, Uganda, Kenya, Rwanda, the
Democratic Republic of Congo, Zambia, Lesotho and Botswana.
Figure 0-6 - Liquid Telecom fibre backbone infrastructure
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Source: http://www.liquidtelecom.com/fibre/fibre-map retrieved 17 January
2014
Phase3 Telecom is a similar multi-country fibre backbone developer in West
Africa, stationed in Nigeria with operations in Togo, Niger and Benin with
an on-going project extending its network to Ghana, Cote d’Ivoire and
Senegal12. Emergence of such operators provides seamless data connectivity
within country regions, as well as direct connectivity of landlocked countries
to high capacity submarine fibre networks in the shores of the African
continent. Further, they intensify competition in the backbone infrastructure
market, leading to innovation and affordable prices.
3.1.2.3 Last-mile connectivity
Last-mile connectivity is the part of the network infrastructure referred to as
the access network. It is the most front-end part of the network that provides
connectivity to the end-users. Generally, technologies in last mile
connectivity have been divided into two categories regardless of the actual
technology used: fixed and wireless broadband technologies. In Africa, as
well as other regions, fixed broadband connectivity is a derivative of
telephone fixed line accessibility which is backed by different fixed network
technologies such as ADSL and currently fibre-to-the X; where X is a box,
home, node or premises, depending on the policy adopted by each country. As
explained before, fixed line technology in Africa has been the most
underdeveloped, especially for last-mile connectivity as most incumbent
companies which were controlling fixed line networks failed to upgrade and
expand their network, and even in the wake of market liberalization,
privatization process yielded mixed results, or failure to privatize at all
(Gasmi et al, 2010). This is contrary to backbone networks in which massive
investments are been carried out by deploying terrestrial fibre networks.
Although there are attempts to build fibre-to-the-X networks in major
12http://www.phase3telecom.com/backhaul_services.htm retrieved 3rd May 2014
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African cities such as those by MTN in Lagos Nigeria, Jamii Telecom in
Nairobi and Mombasa in Kenya13, and North Coast and Sokhna City in
Egypt, these efforts remain very limited in scale and thus negligible at the
moment, when considering the overall picture in the continent.
On the contrary, wireless access network has been the connection mode of
choice for many African countries. Unlike fixed broadband which is
hampered by a low customer base of only 2 percent penetration of fixed lines,
and low broadband terminating devices, which are usually computers,
mobile broadband benefits from a wide customer base of mobile phone users,
who account for about half of the African population, and smooth adoption of
terminating devices, meaning mostly mobile phones (and computers as well)
which are comparatively affordable. The wireless data technologies deployed
in African countries mainly depend on two major actors. First, mobile
operators have deployed 3G networks, most using the GSM family,
Wideband Code Division Multiple Access (WCDMA) and High Speed Packet
Downlink Access (HSPDA) technologies. There have been trials for 4G
network deployment in Egypt, South Africa and Kenya, using the Long Term
Evolution (LTE) technology. The second set of actors are the traditional ISPs
most of which have embraced WiMax to supply Internet services to
customers, however, the relevance of ISPs in the African data services
market is becoming questionable as mobile telephone companies upgrade
and expand their network to support high speed data rates. For example
more than 95 percent of Kenyan Internet subscribers access the Internet
primarily through a mobile phone. This behaviour eliminates the need for
fixed broadband and ISP supplied broadband in the individual consumer
segment, while competing for institutions and business customers.
13http://www.jamii.co.ke/home/?page_id=174 retrieved 20th June 2014
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In order to appeal to customers, fixed line companies have tried to deploy
fixed wireless broadband networks using CDMA-based networks;
nevertheless, the adoption rate remains limited.
3.1.3 Value Added Services
The growth of mobile telecommunication services has enabled the emergence
of new innovative services built on the power of the increased digital
communication. Usually these value added services go beyond the legacy
function of the telecommunications network to support distance talking, to
providing add-on services to consumers, and thus create new businesses for
start-ups and more revenue streams for existing telecommunication service
providers. Value added services in Africa as elsewhere in the world are
evolving with the advancement in the telecommunications industry. An
interesting feature in the African markets in contrast to others is that the
most widely adopted value added services are based on simple mobile text
messaging (SMS), since mobile operators did not support Internet services,
and as of the time of writing simple 2G mobile phones are still widely used in
the continent. As Internet broadband is fast becoming a reality to most
people in African cities, Internet dependent and heavy data applications are
now emerging, as extensions of the SMS-based services, or as Internet-only
dependent applications.
Value added services can be categorized in several major groups depending
on the basic functions employed. First are information-provision value added
services. These are used by customers who need a particular piece of
information; customers can access relevant information through a mobile
text message, or voice from an updated database from the service vendor or
the mobile operator. For example, exchange rates mobile SMS-service allows
the user to get current exchange rate of a particular currency pair on the
spot; or game result SMS application provides match results to the customer
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upon request. The second type of value added information consists of rather
an intelligent service that acts on the information exchanged, whether
through sms, app or mobile website, hence there are more action-oriented
value added services. In most cases, action-oriented value added services are
embedded with automation systems on the vender side that allow the user to
command a particular action through a menu of predetermined actions
shown to the user. For instance, tele-irrigation is a mobile phone application
that allows farmers to control their irrigation system wherever and
whenever they wish by using a mobile phone. The system also collects
weather information such as wind, temperature and humidity, and then
sends mobile text messages to the farmers allowing them to react to weather
changes on time.
The last type of value-added service, is somewhat similar to information
provision, however the recipient of the service does not explicitly request the
service. These include push and entertainment services. Examples of these
value-added services include ring tones, SMS text reminders for HIV
patients to take their medicines, and reminders for garden owners to water
their plants. Of these telecommunications value-added services, mostly
found in the mobile environment, the information-provision category is
perhaps the most widely deployed one with the largest number of
applications.
The case of M-Pesa in Kenya in detail, a value added service
M-Pesa is a mobile money system (pesa means money in the Swahili
language) that uses mobile text message (SMS) technology to complete
transactions between two entities. In order to understand the system, it is
important to first explain how the pre-paid mobile phone system works. At
first, each customer has an account that is linked to his or her mobile
number. For the customer to use the network services such as to make calls
or send text messages, the user is required to credit his/her account. Usually
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the mobile service provider has a network of agents who sell vouchers to
credit customers at different prices. Once the customer credits his/her
account, s/he can use the mobile services until his/her credit is depleted.
M-Pesa has extended this system, whereby an individual is registered to
M-Pesa (and should be a Safaricom mobile subscriber to begin with), and an
M-Pesa savings account, which is different from the mobile services account,
is created. S/he can credit her/his M-Pesa account by exchanging hard cash
to virtual money at any of Safaricom’s M-Pesa agents in Kenya. Once one
has virtual currency in the M-Pesa account, s/he needs only the mobile
number of the receiving entity to complete a transaction.
To effect the transaction, the sender sends short messages to a specific
number provided by Safaricom to activate a series of messages that
authenticate and perform the transfer. Once the sender side activities are
completed, a text message is sent to the receiving end with the transaction
details such as sender, recipient, amount transferred and the transaction
code. For the receiving end to withdraw the sent money, the entity should
also be registered as an M-Pesa user, and at the time of withdrawal, it
should show the message to a Safaricom agent, together with an identity
card to authenticate that the person claiming to be the recipient, is actually
the intended receiving entity. Usually an identity card is employed to
authenticate the recipient, which should have already been used to register
the receiving end as a user in the first place. Once the agent successfully
authenticates the receiving entity, the agent can pay the transferred fund to
the receiver.
By the end of 2013, the penetration of M-Pesa in the Kenyan population had
reached about 35 percent while employing 79,000 people as part of the
M-Pesa agents’ network. In fact there are more than five times as many
M-Pesa agents as there are ATMs. In addition, transactions that pass
through the M-Pesa system account for almost a quarter of the Kenyan GDP.
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These developments have made M-Pesa arguably the largest mobile money
service in the world (Kimana, 2014).
In the beginning, the idea behind M-Pesa was centred on enabling
transactions between individuals. Since its inception, other operators have
adopted the practice and other similar systems have been developed, such as
G-cash in the Philippines, thus increasing usage especially in developing
countries and stimulating innovation in the mobile money services. The
system has now evolved into three major categories: mobile banking, mobile
remittance and mobile commerce (Ernest & Young, 2009). Mobile remittance
is the basic mobile money system that allows an individual to deposit money
into his/her mobile money account, transfer it to another person, recharge
his/her mobile services account, or withdraw – all or part of the money
previously deposited in the mobile money account.
Mobile banking is the extension of the mobile money system to banks,
whereby through a mobile phone, more specifically the short message system,
the user can access his/her bank account and make some basic banking
transactions such as balance inquiry, deposit, transfer and withdrawal of
funds through the mobile money provider’s network of agents. This system
has tremendously changed the financial services industry in developing
countries by interlocking the banking and telecommunications industry to
extend banking services to people who were otherwise unbanked. Examples
of mobile banking in Kenya include M-Shwari and M-KESHO, which are
products of CBA and Equity Bank financial institutions respectively, and
allow their customers to execute banking transactions through their mobile
phones. This has increased efficiency by reducing queuing in bank branches
and ATMs, as well as enable banking services through the mobile money
platform almost anytime and anywhere. Lastly, mobile commerce includes
transactions between customers and businesses, or between businesses
through the mobile money platform, hence creating a cashless society.
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The above given categories are not exhaustive. Currently a new service,
m-insurance, also built on mobile money, is mushrooming in the African
market, though it is still in its infancy stage. For example in Kenya, Linda
Jamii (an M-Insurance service which in Swahili means ‘protecting society’)
subscribers using the mobile money platform contribute to their KSh 12,000
(approximately USD 140) yearly premium to access up to KSh 290,000
(approximately USD 3500) cover for health care expenses such as dental,
maternity and funeral expenses. As mobile money becomes deeply embedded
in the African markets, more sectors are connected to the system, and more
innovations and businesses are being developed. One particular challenge of
this environment is the need for continuous and collective regulatory reform,
especially across various sectors such as telecommunications, banking and
now insurance, whose regulators are traditionally not used to working
together. Through their provision of social and economic services, it could be
argued that value added services such as mobile money might have a bigger
impact on African people even than the traditional telecommunication
services on which this emerging sector is reliant. Nevertheless,
telecommunication is still the underlining infrastructure.
3.2 The African telecommunications industry structure
3.2.1 Overview
Following the dynamism in policy frameworks guiding telecommunications,
the industry structure has been changing over time. These changes have
altered the organization of the industry, especially with respect to ownership
of telecommunications investment assets, competition, and collaboration
among industry stakeholders. Although all segments of the industry,
particularly international connectivity, terrestrial, fixed and mobile, have
experienced rearrangement of their players, each segment is unique.
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In international connectivity, the segment was for a long time heavily
dominated by a few satellite operators and monopolistic cable (SAT3).
However, since 2009 several submarine cables have been completed and new
satellite operations have been introduced, thus creating technology and
supplier competitive markets since most people have more than one access
channel. Most submarine cables around Africa are owned by consortiums of
international companies, with only a few governments such as Angola and
Kenya with investment share in the sector. The limited government
participation has been mainly due to lack of expertise and the international
nature of undersea fibre cables, making it difficult for inter-governmental
collaboration to take place.
On the other hand, governments have taken a lead in investesting in the
terrestrial fibre telecommunications industry (Colandro and Moyo, 2012);
this can be seen in Sudan, Ethiopia, and Tanzania. Despite governments’
major investments in the segment, most regulators allow private investors to
develop private terrestrial fibre networks, although there are obstacles such
as difficulty in acquiring licenses (Williams, Mayer, and Minges, 2011), while
some countries have failed to attract investments. Countries such as Morocco,
Kenya, Nigeria and South Africa have managed to attract investment of
private players in this segment, hence stimulating competition between the
private operators themselves, as well as against the government fibre
network. These countries have enjoyed substantially faster broadband
adoption, beyond the continental average.
In the fixed line segment, the industrial structure has remained almost the
same in most countries despite policy reforms. In about half of the African
countries, the incumbent fixed telecommunication companies are still solely
government-owned and only about 25 percent of countries have more than
one fixed line operator. Despite efforts by governments to stimulate private
participation in the segment, fixed line has remained almost stagnant except
in a few key markets, which have at least accomplished one of the reform
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agendas. For example, Ghana reprivatized its fixed line company in 2011,
selling it for USD 900 Million to Vodafone; however, it has not been able to
attract more fixed line operators. Fixed line is therefore the least developed
telecommunication segment in Africa.
Mobile telecommunication has been the most active segment in the industry
with regard to policy reforms and response, market concentration, and
technology advancements. By 2013, more than 90 percent of African
countries had two or more operators in the mobile network industry, with a
few countries such as Nigeria and Tanzania having five or more operators.
Unlike other continents, about 80 percent of all mobile users in the continent
are served by only 8 strategic multinational mobile operators that are active
in multiple countries ranging from 4 to more than 15 national markets. Thus,
generally the competition is between these major mobile operators over
national markets. Table 3.4 provides a list of the eight biggest mobile
operators based on the number of subscribers and market shares in 2011.
Table 0-4 - Strategic mobile operators market share in 2011
Operator Origin Market share
2010
(percentage)
No. of countries with
operations in Africa
MTN South Africa 25 16
Vodafone/Vodacom U.K/ South Africa 21 8
Bharti Airtel India 16 16
Glomobile Nigeria 10 4
France Telecom Luxemburg 7 15
Millicom Luxemburg 4 8
Portugal Telecom Portugal 2 4
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Others 15
Source: Author’s own calculation from annual reports and news releases for
Glomobile
Depending on the legislative provision of each country, foreign companies
are allowed to have either partial or full ownership of the local operations.
With the exception of Glo Mobile, which is a subsidiary of Glo Telecom in
Nigeria, the rest of the mobile operators are public companies, listed in their
home stock market. The local ownership share is usually owned by local
governments, companies or wealthy individuals in the operating market. For
example, the Vodacom group in 2006 was operating in four African markets
including Tanzania, the Democratic Republic of Congo, Mozambique and
Lesotho. In each of these markets, Vodacom’s ownership share of the local
operator was 65, 51, 98, and 88.314 percent respectively.
Further, change in African telecommunication operators in terms of
ownership has been common; however, this has taken place only at the level
of strategic mobile operators. The main type of activity has been acquisition
of African mobile operations by other firms, usually operating in other
continents. For example, Celtel which had operations in 15 countries was
sold to Kuwait’s Zain group in September 2007, and the Zain group sold the
African operations with exception of Sudan and Morocco to India’s Bharti
Airtel group in 2010 for USD 10.7 billion.
3.2.2 Strategic multinational mobile operators
The role played by mobile network operators in Africa may be considered
relatively stretched compared with countries in the developed world. In fact
these operators have extended their involvement in the telecommunications
infrastructure from just mobile telecommunications to the entire supply
14http://www.telkom.co.za/apps_static/ir/pdf/financial/pdf/OwnershipAndCorporateStructur
e.pdf retrieved 2nd March 2014
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chain to provide data services as well. This is particularly seen in their
investment in consortiums that own submarine telecommunication cables
along the African shores. Further, these operators have built private
terrestrial fibre optic networks in the countries they operate to build up their
backbone capacity for 3G and 4G networks. For example MTN has rolled out
fibre networks in Nigeria and South Africa as its backbone; and in South
Africa it offers Fibre-to-the-home services to allow broadband connection to
businesses and residential markets, contrary to the traditional mobile
operators.
Among the several roles these operators have played in the African market
are the following:
a. Offering main form of telecommunication infrastructure
First and foremost, MNOs provide a basic form of telecommunication
services that includes voice and simple data transfer such as short text
messages and multimedia messaging service (MMS). Due to poor investment
in fixed telephony, the majority of the population neither had access nor used
fixed-line telephony prior to their access and/ or use of mobile telephony. In
Sub Saharan Africa, which constitutes 47 countries of the continent,
penetration of fixed telephony penetration has been between stable at 1.4
and 1.5 percent in the ten years from 2001, compared to an increase from 2.5
percent to 37.3 percent achieved by mobile telephony in the same period.
Almost half of all fixed telephone lines are in South Africa and Nigeria.
Mobile telephone has clearly outpaced fixed telephony; indeed, it is more
likely that mobile telephony will remain the main form of telecommunication
in the continent.
b. Providing mobile value added services
In addition to the provision of basic telecommunication services, mobile
applications are increasing in their importance for operators. Mobile Value
Added Services (MVAS) can be grouped in many categories, such as
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entertainment, including music downloads, ringtone and wallpapers; the
information category, meaning bank account information, exchange rates,
game results and the like, and the m-commerce category which includes
transactions and money transfer. While most of these services can be offered
by third party firms, in most African countries MNOs still control a large
portion of the mobile applications business, except in developed telecom
markets such as South Africa, Kenya and Nigeria where third-party firms
are more active in the mobile application business. Strategic operators have
the advantage of a large pool of applications from various markets, which
can be experimented on and if successful, customized to suit the needs of
each market. For example, the success story of Vodacom’s M-Pesa in Kenya
is being replicated in sister markets in Tanzania and South Africa. The role
of the MNO in this case is more than simply providing their infrastructure to
the application service providers; they actually provide the application
services themselves.
c. Providing broadband services to end-users, business and institutional
consumers
The next wave of telecommunication services offers Internet and broadband
services to the masses. As voice communication reached saturation in some
markets of the world, focus has turned to the promising potential for growth
in broadband technologies. Policy makers and market participants are
devising new ways to spur investment and create new value adding services
which can encourage productivity and demand. Several technologies have
the ability to offer broadband service; the most efficient being wired
technologies such as xDSL that uses fixed lines, or fibre technologies that
allow higher speeds, however, at a rather higher cost. Poor penetration of
fixed lines, lack of proper housing and lack of electricity for a majority of
African households have dimmed the possibility of deploying wired
broadband technologies to the masses, leaving these options for businesses,
institutions and some households in urban areas. 3G networks rollout in the
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majority of African countries have allowed operators to deploy data services
to their customers especially in cities and towns. Mobile network operators
have ventured into mobile broadband – mainly using cellular technologies
such as HSPA technology, and fixed (wireless) broadband – with Wimax
technology being the most deployed technology in the non-cellular category.
By the end of 2010 more than half of all markets in the continent had
deployed at least one 3G network, allowing users to access the Internet from
their cellular phones and their computers through Internet USB dongles.
According to Dataxis Intelligence, mobile broadband penetration grew from
just 24 percent of broadband in the final quarter of 2007 to 75 percent at the
end of 2009, and in 2010 mobile broadband subscribers that accessed the
Internet through data cards and USB dongles had outpaced fixed broadband
subscribers.
3.3.2 Case Studies of Multinational telecommunications operators
In this section two case studies of multinational telecommunications
operators are described. Although most of these companies are described as
mobile network operators, hence multinational mobile network operators, as
a result of the increase in competition they metamorphose to become
integrated telecommunication services providers. In this section issues such
as internationalization, service innovation and strategy for market entry are
introduced. MTN presents the case of an early mover with standard
corporate practices, while Globacom represents the rise of aggressive
entrepreneurism of private firms in the African telecommunication industry.
3.3.2.1 The case of MTN
MTN has a special position in the development of the telecommunications
industry in Africa. The company headquarters are in Johannesburg, South
Africa where it was established in 1994, the same year the apartheid ended
in the country. Starting when mobile technology had just began, MTN has
remained a competent player in South Africa where it controlled a 34.6
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percent market shares in 2013, just behind Vodacom – the leading mobile
operator in the country. The company is listed in the Johannesburg Stock
Exchange (JSE).
Perhaps the most interesting feature of the company is its
internationalization strategy, which is similar to that of the European
operators such as Vodafone, France Telecom, Telefonica and Deutsche
Telekom. Four years after its establishment in 1994, it started to invest in
other African countries. It was the first South African mobile
telecommunications company to expand its operations to other countries in
the continent, and it is arguably the largest multinational mobile
telecommunication company operating in 22 countries in Africa and the
Middle East, serving over 200 million customers. The company has heavily
invested in modern mobile infrastructure in the continent, especially 3G
network deployment. This has helped the company to maintain a leading
position in the major African markets, particularly Nigeria, Ghana,
Cameroon, Ivory Coast and Uganda. Their aggressive internalization
strategies have been attributed to the desire to exploit market opportunities
presented by the underdeveloped telecommunication infrastructure in the
continent in spite of uncertainty in policy and regulatory regimes (Bick, Luiz
and Townsend, 2011).
While its main strength lies in mobile telecommunications, MTN’s role in the
development of the African telecommunication industry is not only limited to
wireless communications. In recent years the company has begun to
transform itself to an integrated telecommunications services provider by
venturing in fixed line communications at its home country, South Africa, as
well as taking a leading role in the development of submarine cables around
the African continent and beyond. In particular, MTN is the leading
investing operator in the East Africa Submarine Cable System (EASSy) and
the West African Cable Systems (WACS), with also substantial investments
in the Europe India Gateway (EIG), SAT-3, and Main-1. These efforts aim at
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increasing broadband connectivity in all its present and future markets both
in and out of the African continent.
Investment in African countries tends to be considered risky due to several
reasons. One of the hurdles is unavailability or underdeveloped financial
markets which limit the ability of external investors to participate, also
making it hard for current investors to exit from their previous investment.
Nevertheless, MTN has managed to invest heavily in the continent. Figure
3.7 shows MTN’s ownership structure and gives an insight on how
multinational mobile network operators have expanded their operations in
the continent.
Figure 0-7 - The MTN group ownership structure across its subsidiary companies, 2013
Source: www.mtn.com retrieved 20th April 2014
As can be clearly seen in figure 3.7, with the exception of Congo Brazzaville,
MTN has opted to work in joint venture agreements with other companies,
often local firms. Although this solves the issue of entry in these markets,
investment exist is primarily limited to negations to sale to another company
due to lack of active financial markets. Therefore, unless an investor intends
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to make a long-term commitment it is difficult for early investors to sell off
their investment stakes in African companies within those countries’
financial markets.
3.3.2.2 The case of Globacom Limited
Globacom is a private group of telecommunications businesses
headquartered in Nigeria. It is the only wholly private group among the
major five multinational mobile telecommunication firms operating in Africa.
The company was established in 2002 by Dr. Mike Adenuga, a Nigerian
entrepreneur. The Nigerian Communications Commission (NCC) awarded
the company a stack of licenses which included national carrier services,
mobile services, long-distance communications, fixed wireless services and
international gateway, all at a cost of USD 200 million (Pyramid Research,
2010). In August 2003, the company launched commercial mobile services
over a 2.5G network using the mobile brand Glo telecom.
The company has adopted radical strategies due to being a private company;
however, these strategies have turned out to be critical for the development
of the African telecommunication industry. Foremost has been its
internationalization strategy to expand its operations targeting the West
Africa region. In 2008, five years after Globacom established its operations in
Nigeria, the company entered the Republic of Benin and acquired a license in
Ghana, where it launched its mobile services in 2010. Further, it has had
operations in Ivory Coast since 2009. Throughout its operations, it has
strived to provide integrated telecommunication services, especially in
Nigeria.
Further, the company is committed to technology leadership in the industry.
In terms of infrastructure development, it was the first telecommunications
operator to deploy services on a 2.5G network in Nigeria and the first to offer
both voice and Internet connectivity to mobile users. Globacom also invested
USD 800 million in a 9,800 km submarine cable system, Glo-1, with a
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minimum capacity of 640 Gbps currently advertised as 2.5 Tbps. The cable
system connects five African countries through its landing stations in Lagos,
Nigeria; Accra, Ghana; Dakar, Senegal; Nouakchott, Mauritania; and
Casablanca, Morocco; and on to Bude, UK through Vigo, Spain and Sesimbra,
Portugal.
In addition to technological leadership, the company is also leading in
innovative value added services and ground breaking marketing
techniques (Abubakar and Bello, 2013) that have intensified competition and
increased consumer welfare. In fact, it was the first Nigerian operator to
establish the per-second billing allowing users to pay for exact time, in
seconds, spent on the call. In January 2009, the company reduced
international calling tariffs by 70 percent, allowing cheaper communications
between people in Nigeria and those abroad. Some of its value-added
services include Txt2Email and GloFleetmanager. The former allows
customers with feature phones to receive and send email through their
phones’ basic text application. The latter allows managers of trucks or buses
in the transportation sector to track their vehicles out on the road.
In closing, it should be noted that in addition to the particularities of each of
the markets described that make them a worthy topic of study in their own
right, most of these countries feature in the results of the subsequent
chapters.
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Chapter 4: Concepts and Measurement of
Efficiency
4.1 Introduction
The concept of efficiency has been long used in varied ways, both in casual
conversation as well as in technical discussion. In most cases the meaning
has been understood differently depending on the usage, even within the
academia. Further, the words efficiency and productivity have been used
interchangeably. For example, in describing a machine in a casual
conversation, one might say the equipment to be very efficient or very
productive interchangeably meaning the same thing.
In economic scholarly discourse, the concept of efficiency has been studied for
nearly as long as where there has been a notion of the firm. In this field
efficiency is closely related to the production possibility of the firm given the
available technology, the production possibility of a firm being the
combination of different inputs to produce output. In the economic literature,
the concept of efficiency became a mainstream subject after Adam Smith
introduced the notion of specialization of labour in a pin factory. Later, the
concept was adapted to other related fields such as econometrics, operations
research and management science, and industrial engineering or operations
management. These fields of study provide different viewpoints on efficiency,
with various approaches to measurement, some focusing on very specific
application cases.
In economics, efficiency is viewed in line with standard economic theory, and
is mainly associated with the firm, which is assumed to inherently have
profit maximization behaviour. With this fundamental basis, production
functions and cost functions are used to determine the efficiency tendency of
an entity and its ability to increase value added or gross output, given a set
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of input at a particular technology. According to Cahill (1996), the main
emphasis on efficiency in economics is to clearly develop the main constructs
of the theory of production, and define the differences between efficiency and
productivity. On the other hand, econometrics is more geared towards
measurement and estimation of productive efficiency and the production
frontier, based on the constructs developed in economic theory.
Operations Research / Management Science has a similar interpretation of
efficiency as in the previously discussed fields. However, the main difference
rests on the measurement technique. OR/MS has been built upon the use of
linear programming, which is a mathematical programming tool used to
solve optimization problems targeted toward maximizing profits, minimizing
costs or ensuring the best use of available resources. The linear
programming technique became popular in World War II as it was used to
efficiently plan movement of military supplies and personnel. Nowadays it is
used to help management optimize their operations. By utilizing the
capabilities of linear programming, Operational Research / Management
science scholars have developed the Data Envelopment Analysis (DEA)
method which is used to determine efficiency measures, for example the
minimum combination of inputs required to produce a specific set of outputs
for a particular firm. This technique allows those using it to compare the
production efficiency of several units given the same set of inputs and
outputs. In section 4.2, the technique will be extensively described.
In closing it should be mentioned that in industrial engineering fields,
determinations of efficiency consist of the use of engineering skills as well as
the use of linear programming similar to OR/OS, though not DEA.
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4.2 Defining Efficiency
It has been established that efficiency is a wide concept, applied and
determined differently across fields. Some authors have used productivity
and efficiency interchangeably. For example, Cooper, Seiford and Tone (2000)
describe both productivity and efficiency as the ratio between output and
input; while Fried, Lovell and Schmidt (2008) consider these two concepts
different. In this study, the latter stance is chosen given that it has become
more common in the recent literature on the subject to treat them as
different concepts, although related.
In general, efficiency can be defined as the actual performance of a
production entity to produce output compared to the maximum attainable
performance, given the technology. Since efficient use of available resources
is central to economics, economic efficiency is used when the entity analysed
is engaged in an economic activity. In the case, the economic efficiency is
defined as the degree to which an observed performance of an entity
approaches its maximum potential, and this degree indicates the utilization
of economic resources (Danilin et. al., 1985; and Lovell, 1993). Thus, in order
to establish the efficiency of an entity, one should first determine the
optimum values achievable; observe the actual performance, then asses the
observed performance relative to the optimum one. Thus, efficiency is a
relative measure (Forsund and Hjalmarsson, 1979).
Then comes the question of, although there may be ways to measure the
actual performance, how would one establish the optimum level of input and
output, that is, the maximum potential from which to assess the actual
performance. In the literature, there are two widely suggested indicators of
the maximum potential performance. First is the theoretical maximum
performance that an entity can produce at. In the case of machines, this is
usually defined by the engineers who designed the machine. For example,
based on the design and engineering parameters, if a car should be able to
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travel a maximum of 50 kilometres per litter of gasoline, then that value can
be taken as the maximum potential performance.
Second, in a situation where multiple production units are available, and
there is difficulty in measuring the theoretical maximum potential
performance, it is common to take the best performing production units as
the benchmark from which to assess the less efficient ones. This is usually
employed in entities such as firms, industries or countries where it is almost
impossible to determine the theoretical maximum potential performance.
Hence, once the best performing units are determined, since they are now
known to make the production frontier, other entities not in the frontier are
measured against the efficiency frontier. In economic terms, efficiency
frontier refers to a line in the input output diagram, which contains the most
performing production units.
Now, efficiency, in this case economic efficiency, is a dissectible concept.
There are several types of efficiency, which are conceptually different from
each other. Economic efficiency can be considered as a combination of
productive efficiency, allocative efficiency, and dynamic efficiency, also
known as inter-temporal efficiency (Productivity Commission, 2013).
Productive efficiency refers to the production of the output using as low costs
as possible in the input. Debreu (1951) defines productivity efficiency as the
“coefficient of resource utilization”. It is important to notice that the target in
productive efficiency is not necessarily to reduce the number or combinations
of input, rather to reduce the entire cost of the combination of input required
to produce goods or services. Figure 4.1 illustrates features of productive
efficiency. Entities J, K and M are in the Production Possibility Frontier
(PPF). If N moves to either J, K or M, that would constitute an improvement
in advancement in productive efficiency.
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Figure 0-1 - Productive Efficiency
It should be noted that productive productivity should not be confused with
technical productivity. Technical productivity intends to feasibly reduce
inputs to produce the same level of output. When technical efficiency is
measured in prices, then technical efficiency is the same as productive
efficiency.
Allocative efficiency focuses on the demand or utility of the output. In this
case an assumption is made that the firm or production unit has the choice to
produce a variety of goods or services. Thus, allocative efficiency refers to the
use of the scarce resources to produce goods the most highly demanded, or
those with the greatest utility. Thus, the most allocative efficient production
unit is able to achieve the highest returns, given the level of input. See figure
4.2 for illustration. As the firm adjusts from point S to point T, it adjusts the
combination of input and output, and remains within the efficiency frontier;
however, higher utility is achieved. Thus this is referred to as allocative
efficiency.
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Figure 0-2 - Allocative Efficiency
Despite the attractiveness of this concept, it is rarely applied in the real
world. This is because firms can rarely dynamically change from the
production of one good or services to the other due to a number of constraints.
The bigger the entity and more the small entities within it are, such as an
industry or country, the more difficult it is to change from the production for
one good (or set of goods) to the other.
Dynamic or inter-temporal efficiency introduces a movement of the efficiency
frontier over time. Thus dynamic efficiency refers to the entire system
which includes countries which are in the efficiency frontier and those which
are not in the frontier, which will all improve over time, enough to push the
efficiency frontier outwards. Figure 4.3 illustrates, as entity producing at
point M which was in the frontier at an earlier time moves to point N after
the time passed, then the new point is said to be at the dynamic frontier.
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Figure 0-3 - Dynamic efficiency
In an ideal condition, economic efficiency is achieved when three conditions
are met:
 First, the production units produce the given output at the lowest
possible cost, which indicates presence of productive efficiency.
 Second, the output produced provides the highest returns or
satisfaction, which means increased allocative efficiency.
 Third, first and second conditions are improved over time to shift the
efficiency frontier outwards, meaning there is dynamic efficiency.
Thus, when these conditions are satisfied, the system is said to be
economically efficient. However, as pointed out earlier, while producing
entities improve their efficiency, sometimes it is not appropriate to apply
some notions of efficiency, especially allocative efficiency.
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4.3 Productivity and its relation to efficiency
When efficiency was introduced earlier, it was mentioned that some authors
have used the two terms interchangeably (Fried, Lovell and Schmidt, 2008).
In fact these two concepts are related (Cahill, 1996). In the discussions about
efficiency, it was taken for granted that we could measure the observed
performance of production units to be analysed in order to, for example,
determine the efficiency frontier. Though there are other options, the most
common measure of a production unit performance is productivity.
Productivity can be defined as the ratio of the input production units need to
the output created. In other words, productivity is a measure of the rate of
output as products and goods produced, to inputs mostly in terms of labour
and capital. As a production unit increases in productivity, more is produced
given the same level of inputs thus waste is reduced (Parham, n.d.). It should
be noted that productivity measured as one shot of investigative activity on a
single unit is not very useful. There will be limited information from such a
number. However, productivity is more meaningful when measured across
production units at a time; or the single unit over two or more periods of time;
or both across production units and across time. When such an analysis is
made, then this is not the productivity value of a firm at a time, rather the
productivity change from an earlier time to a later one, or from one firm to
another.
Similar to efficiency, there are many facets of the concept of productivity.
Diewert and Nakamura (2005) propose four main kinds of productivity
indices that indicate the productivity measures.
Labour productivity (LP), which is defined as the ratio of the output quantity
to the measure of labour used, measured by the number of fulltime workers,
or hours worked. This is one of the oldest measures of productivity in the
field of economics.
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Single factor productivity (SFP), is a measure of output quantity produced
relative to the quantity of a single input used. While there is a wide variation
of this SFP, the most common one is capital productivity, which measures
the ratio of output quantities produced relative to quantity of capital used.
Multifactor productivity (MFP) is the measure of the output quantity
relative to the measure of the quantity of a bundle of inputs. Usually this is
the case in firms, where MFP is measured by using a standard Cobb-Douglas
production function. MFP can be defined through the function
Y = ALβ Kα
For a firm, labour and capital are assumed to include a total bundle of input,
sales present a single output measure and A stands for MFP.
Total factor productivity (TFP) is a measure of total output quantity to the
quantity of total input. In this case it is assumed that the entire set of input
and output has been included; however, this is rarely the case since it is
impossible to identify let alone measure some of these features. However, the
assumption is that even if MFP is more practical, the research tries to
capture all possible input and output variables.
4.4 The Importance of Productivity Growth
Since efficiency and productivity are related ideas, and in fact one need to
establish the productivity of the entity studied before efficiency can be
determined, the following discussion proceeds by discussing productivity
growth as the immediate target of the entities under investigation, meaning
countries. It is understood that the countries with the highest productivity
value are the most efficient entities hence, they form the efficiency frontier.
Thus, the importance of productivity growth does not contradict that of
increasing efficiency, as the benefits are the same.
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4.4.1 At economy level
Productivity growth is a desired feature for any production entity. In this
case the entity may be a country, industry, firm or even non-profit making
organization. To illustrate the productive growth at country level in order to
provide an easier understanding to the subject, the definition of productivity
used as proposed by Parham (n.d.) follows.
The simple definition of productivity growth can be given as the increase in
output in a production system that cannot be accounted by an increase in
inputs. This definition can be mathematically shown as:
Productivity growth = output growth – input growth
If the equation is rearranged in favour of output growth, it becomes
Output growth = input growth + productivity growth
Hence a fundamental truth on the production of goods and services can be
derived as follows: output can be increased by increase of input, similarly
output can be increased by productivity growth. Output can be number of
output units, sales or GDP. Figure 4.4 illustrates the concept.
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Figure 0-4 Effect of productivity growth on output growth
Thus, countries can attain a higher GDP (as a measure of output) by
increasing input, but similarly as a direct effect of productivity growth.










Whereby P represents the population size and H represents the hours
worked
The first term in the equation ۾۵۲ ⁄۾ indicates the country’s income, while
the second term, ۾۵۲ ۶⁄ stands for labor productivity, while the last term
۶ ⁄۾ represents the hours worked per person in the economy. The measure
hours worked per person is a very inelastic measure since it only changes
slowly, given that time is always limited and the working population
changes rather slowly. It can therefore be concluded that labour productivity
has a higher effect on increase of income.
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Thus, productivity growth can benefit countries by expanding the economy
through increasing output, as well as increase in personal income. These
effects will lead to a society that is able to meet its needs (The Parliament of
the Commonwealth of Australia, 2010), increase individuals’ sense of
worthiness (de Brouwer, 2010), and lead to a better quality of life (Gruen,
2012).
At a country level, the benefits of increased productivity in the economy tend
to have an unnoticed impact in the short term; however, in the long term
they tend to be the basis of the economy’s productivity (Krugman, 1992;
Blinder and Baumol, 1993). The main reason for such an observation is that
productivity growth is a manifestation of various economic forces that should
be happening in the underlining economy. Some of these forces that support
productivity growth include technological advancement, increasing quality of
human resources, improved processes and efficient organizational systems.
Thus, when these factors improve, over time the economy tends to experience
a sustained growth.
4.4.2 At industry level
Setting aside temporarily the economy-wide benefits of productivity growth,
the benefits can vary between industries within the country. Mainly,
industries benefit from productivity growth through increased and sustained
competitiveness. This can be observed in two ways. First, within a country
one industry may be experiencing higher productivity growth compared to
others. Second, at the international level within the same industry, some
countries may experience higher productivity growth than others. Increased
competitiveness is mostly attributed to the achieved level of productivity and
subsequent productivity growth. For an industry increased competitiveness
implies that the industry is sustainably profitable, can retain and has the
ability to attract highly skilled labour. Such industries often make
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disproportionately large contributions to the economy, a trend that tends to
guarantee favourable policies from the government for said industries.
4.4.3 At firm level
Perhaps the exact benefits of productivity growth are more often observed
within the firm context, and are then propagated to the industry and
economy levels. Understanding the benefits of productivity growth within a
firm, where the most practical venue of strategic operations is, is important
in understanding the reasons entities have to pursue productivity growth.
Although the theory is robust on the benefits of productivity growth to
different stakeholders of the firm, there is limited empirical evidence. Most
empirical evidence is aided by, but not limited to, the Lieberman and
Balasubramanian (2007) study, referred to as LB in the rest of the section,
which investigated the distribution of benefits of the firm’s productivity
growth among firm’s stakeholders, using Toyota and General Motors (GM)
as case studies for the periods 1978 – 1988 and 1988 – 1998. In these periods
Toyota experienced productivity growth of 72 percent 1978 – ‘88 and 47
percent in 1988 – ’98, which were related to firm’s value expansion of 151
percent and 66 respectively. At the same time GM experienced 6.2 percent
and 0.4 negative productivity growth scores, which corresponded with value
destruction at 3 percent and 38 percent in the same periods respectively.
Since the emphasis is on the merits of productivity growth, only the Toyota
results of the LB study will be described in further detail; however, GM
results support the main arguments controlling for other factors.
The following describe the merits of productivity growth in a firm
Increase in wages. This is the most expected result of productivity growth,
mainly because, as illustrated earlier at economy level, in the long run
labour productivity growth will tend to increase output hence, the value
created by the firm. Therefore, in firm settings, companies that improve
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their productivity expand the value created by the firm which is then
distributed to workers in higher wages. LB found that due to productivity
growth in Toyota, wages increased by 15 and 16 percent in the first and
second period respectively.
Consumers benefit from cheaper products. In fact, productivity growth
happens when the firm is capable of producing the same product using fewer
resources, or producing more goods and services given the inputs. This
means productivity growth leads to higher profit margins for the firm.
Thence, the firm has more room to appropriately reduce prices to attract
more consumers, at the same time remaining profitable. LB found that
consumers of Toyota brand cars benefited at approximately 17 and 25
percent price reduction for the first and second period respectively.
Investors, or owners in general, benefit from higher capital gains and
increases in the firm’s value. The fundamental obligation of the firm is to
create profits for its owners through legally allowed operations, and in so
doing serve other constituents in society. Generally, as a firm becomes more
productive, its capital rate of return increases as well. Thus, owners or
shareholders gain more value as the firm increases its profit and value. LB
found that Toyota shareholders experienced 17 and 12 percent in capital
gains related to the firm’s productivity growth.
Further, governments collect more taxes from companies that increase their
productivity as they are able to generate higher profits for extended periods.
LB found that the government of Japan benefited from an increase of 22
percent in taxes in the first period, which is the highest increase in benefits
of Toyota’s productivity growth in the periods investigated. However, it
should be noted that government taxes contracted by 7 percent in the second
period, perhaps due to a special arrangement with the government or
changing in the structure of the firm and its tax obligations as it expanded.
Nevertheless, the main claim remains that productivity growth in firms is
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likely to benefit government in higher taxes. And as Perham (n.d.) pointed
out, increased taxes allow the government to fund more social programs such
as education, health and other social infrastructures which in turn improve
people’s wellbeing, and sustained and inclusive prosperity of society.
Last and often forgotten, productivity growth in firms reduces economic
waste as well as environmental waste. Most firms’ inputs such as energy,
minerals or timber are derived from the environment where sources are
sometimes irreplaceable, or take a long time to replace, and there are
climatic and other environmental repercussions to this. In most cases, the
argument of environment protection comes at embedded social cost that
usually traditional firms escape from paying. However, taken from the view
of productivity growth, the fact that the firm can pursue more output out of
the same environmental goods positively contributes to society. The
European Commission analysed economic opportunity of “efficient” use of bio
inputs and best practice processes in food and drink manufacturing,
fabricated metal products, and the hospitality and food services sectors
(European Commission, 2013). The report found that each of these sectors, in
the same order, could have an annual efficiency benefit in the following
ranges: Euro 64-118, 44-82, and 18-43 billion which translates to an average
turnover growth of Euro 424,000 (11 percent), 164,000 (17 percent) and 27.5
(10 percent) respectively. It is important to note that the discussion is not to
avoid using bio input, rather than a process tied to productivity growth
benefits by using them while striving to attain the highest possible value.
4.5 Determinants of a Firm’s Productivity Growth
Generally, firms want to increase their output given the level of input, which
can be translated as attempting to increase productivity. When each firm
achieves productivity growth, the effect can be aggregated at the industry
level and the economy at large. Thus, a basic question is to inquire the
determinants of the firm’s productivity growth, and by answering this
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inquiry we can understand the bigger picture on the determinants of
productivity growth in a country.
For the sake of a simple explanation the firm can be defined as a type of an
organization which uses inputs such as labour and capital, which can be
fixed capital, such as machinery, and /or intermediary capital – usually raw
materials – to profitably convert them into sellable goods and services.
Although this description of a firm is straightforward, usually the firm’s
operations are rather more complex, and in the course of achieving this goal,
it will interact with several actors who will affect its productivity growth.
One view of assessing the determinants of the firm’s productivity is through
the firm processing flow diagram as shown in figure 4.5. Figure 4.5 portrays
the target of reducing units of input while increasing output units, which is
technical efficiency; doing the same in terms of value, which is productive
efficiency; again changing the output mix to the most valuable output, which
is allocative efficiency; and reiterating the process to improve the system
over time, which is dynamic efficiency.
Figure 0-5 - Firms value creation process, and the interacting environment
In so doing, the firm interacts with three subsystems which define its ability
to increase productivity. As shown in figure 4.5, these subsystems include
the firm’s internal systems, the firm’s external environment, and inputs.
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Two assumptions are important to note. First, it is assumed that output of
the firm is unrestricted and it is largely dependent on the firm, hence
dependent of the firm’s ability to produce given the other three subsystems.
Second, in figure 4.5 there is a dotted arrow pointing downward that
indicates loss in input that is not converted to the final output. While in
reality the production process includes loss of inputs, such as the wasted
timber that was not used or unutilized capacity such as a machine which was
not turned on when it had to be. These losses are not explicitly quantified in
the quest of productivity growth. Rather they are manifest in the overall
productivity growth. In fact, it is assumed that for the firm to enhance
productivity it will try to identify the sources of the resource waste and turn
them into output generation. Therefore, the following discussion proposes
the determinants of productivity growth, based on the three subsystems
identified in figure 4.5.
Input
Firm creation usually reflects availability of assets or accessibility to
essential inputs for the firm to operate profitably. These include the
fundamental elements of the firm such as endowment of natural resources,
cheap labour for assembly industries or highly skilled labour for financial,
high technology or higher education industries. In most instances, countries
tend to develop industries which exploit their endowed inputs. For example,
discovery of cheap extractable oil fields in Saudi Arabia allows companies
operating in that field to become more productive than their counterparts in
less extractable fields, other things being constant. This explains the
concentration of oil companies in Saudi Arabia and Nigeria, but also the
increasing influx of manufacturing companies in Vietnam, Myanmar and
Bangladesh. The ability of firms and countries to tap into cheap and
abundantly available inputs, and thus actually to reduce their input units




The main function of the firm lies in its ability to convert resources to
sellable products and services. The ability of the firm to do so is dependent on
the firm’s technology and innovativeness. For the firm to enhance its
productivity, what is needed is more than just good technologies, but also
better processes and organization to streamline the production activities and
resources to reduce waste and increase output in units and value. A popular
example is adoption of information and communication technologies to
enhance firms’ and countries’ productivity growth.
External system
Apart from endowment of input, and its internal ability to produce output,
the firm’s ability to increase productivity depends on the enabling
environment around it. The most influential determinant in the external
environment is the role of public policy, which will be discussed in section 4.6.
Apart from government policy other components include the economic hard
infrastructure such as reliable availability of electricity, transportation and
the Internet; also business enabling services such as advanced financial
institutions and financial services, access to capital markets, and availability
of quality advisory services. Improvement in the external systems does not
guarantee direct enhancement of productivity for the firms that can access
these benefits, but rather enables the firm’s ability to capture value as the
environment changes. This is an important point to make because the main
distinction between the firm’s internal system and external one is who is in
control of changing these systems. Almost always, countries which have
advanced economic infrastructure and pro-productivity policies tend to have
economies with highest productivity, and those which improve their firms’
external environment the fastest, tend to benefit from higher productivity
growth.
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4.6 Public Policy and Productivity Growth
Government policy has always aimed to persuade economic growth so as to
improve the wellbeing of citizens. Against this background, governments
seek to increase productivity in their economies as a source of economic
growth. In this age of liberalized economies, the role of government has been
largely restricted from being an actual actor in value creation – a role left to
firms – to more broadly create a necessary environment for firms, so that the
industry and then the economy can be more productive. While this is a
general desire for most governments, the question is, what are the most
effective public policies that can influence productivity growth? The
following policies have been found to either incentivize or enable economies
to be more productive.
i) Promotion of investments
Jorgenson (1996) defines investment as “the commitment of current
resources in the expectation of future returns and [that] can take a
multiplicity of forms […]”. Government role in investment is two-fold. First,
governments can engage in investment of public infrastructure such as roads,
airports, ports and electricity. These projects benefit the economy in the
short term by creating jobs and business opportunities for the firms in
related industries, mainly but not limited to construction. In the long run,
these facilities lower transaction costs, such as transportation cost or time to
move goods from producers to markets; hence they increase the productivity
of the economy. Bivens (2012) claims that public infrastructure investments
in the United States in the recent years have contributed to the recent
productivity growth after the 2008/09 financial crisis. In addition to
investing in public infrastructure, it has been shown that government
investment in targeted economic infrastructures, such as industry clusters,
contributes to productivity growth (Gordon and McCann, 2000; Porter, M.,
2000). Second, through incentives such as tax holidays and other strategies,
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governments can influence the private sector to invest. This is particularly
important in areas where government operations are likely to yield poor
results. In recent years, this has been a trend in the education, health and
telecommunication sectors. In fact, this is the basis of public private
partnerships, where governments collaborate with the private sector in
investment using various models such as build-operate-transfer or
management and operating contracts.
ii) Expansion of skill base and overall development of human
capital
Labour is traditionally the necessary input in the production process, and its
importance is increasing in this age of information / knowledge economy. The
range of policies needed to create a large and skilful labour force spans from
formal education, vocational education, and job-training, to labour migration
and health care (Stiroh, K., 2000). In most countries, to a large extent the
government funds education, and/or influences curriculum of the studies
taught. The government’s role is not only to increase enrolment in education
institutions, but also to build the necessary facilities, and design curricula
that among other goals match the present and future labour needs of the
economy. Chansarn, S. (2010), investigating the determinants of labour
productivity growth in 30 wealthy countries, found that education is a
positive and statistically significant influencing factor for productivity
growth. However, the question of quality of labour goes beyond the formal
education provided by the often rigid national system. Given the current rate
of innovation and competition in global markets, labour needs to be flexible,
always updating its skills and sometimes unlearning old ways of doing
things. The ability of labour to continuously improve and competently
participate in production processes using new technologies, such as
information technology or artificial intelligence, is indispensable in the new
form of work organizations and ultimately necessary for productivity growth
(Ford, 1987). Although some of these skill upgrades are provided by
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on-the-job training, hence supported by firms, often firms look to employ
people with pre-existing skills rather than attempt to develop said skills
in-house. Government policy comes in to provide tax incentives for firms to
train their employees, since most likely even when the recipient leaves the
firm, this person will still be productive within the country boundaries. The
firms’ and economy’s ability to adopt and internalize new technologies such
as ICTs greatly determines their ability to increase productivity growth.
iii) Facilitating innovation and adoption of new technologies.
Perhaps technology is one of the most important boosters of productivity
growth, and is extremely important for entities that comprise the efficiency
frontier. Countries that have sustained productivity growth, and are
constantly on the efficiency frontier, are more likely to be technology leaders
in key sectors. Government policy as such mainly supports technology and
innovation in two fronts; first by investing in public facilities that breed new
technologies and innovations. For basic research, universities contribute to
create and increase new inventions. In the same vein, a government can
establish fully funded technology agencies that mediate inventions from
universities, produce their own inventions, and strategically develop and
integrate the technology to commercialization. For example, the Japanese
and Taiwanese governments have the Japan Science and Technology Agency
and the Industrial Technology Research Institute respectively. Both bodies
have been central to creating pools of technologies and patents and their
subsequent commercialization. Second, Brynjolfsson, E. and Hitt, L. (2003)
provided a ground breaking study that showed the adoption of computer
technology in American firms between 1984 and 1994 had significant
positive effects on productivity growth, becoming evident five to seven years
after the actual adoption by the firm. This study refuted earlier studies that
failed to find any effect of computer usage in the productivity of firms (Solow,
1987). Studies of recent periods have consistently cemented the empirical
evidence on the importance of adoption of new technologies and innovations
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both in Asia (Lee and Khatri, 2003) and the United States (Jorgenson, Ho
and Samuels, 2013). Often new technologies are expensive for firms to
acquire, and governments can provide incentives such as tax reduction to
assist technology penetration. Additionally, the government can adopt the
technology, where appropriate, in order to lower prices gained through mass
production, hence facilitating cheaper products and higher penetration of the
technology.
iv) Enabling competition in the market
Competition tends to incentivize firms to increase their productivity levels to
stay profitable in the long run. More specifically, competition forces
management to find ways to profitably expand output through creation of
new products and access to new markets. Competition also promotes tighter
management of resources to cut unnecessary costs that do not contribute to
the firm’s value addition. Due to highly competitive markets in their home
countries, firms have been forced to expand to foreign markets and use more
efficient technologies, particularly ICTs. Government policies to promote
competition include liberalization of the markets to allow private investment
with multiple players. Evidence of liberalization processes is apparent
mainly in sectors that used to be public utilities such as telecommunication,
and electricity generation and distribution (Tarr, 2012). Another policy,
which is an extension of liberalization, is free trade, sometimes referred to as
trade liberalization, which tends to expose domestic producers to the
competition of external ones through the reduction of import and export
barriers. Pavcnik (2002) investigating trade liberalization and productivity
in Chile found that plants experienced productivity growth after trade
liberalization and most of the increase was the result of shifting resources
and output from less to more productive producers.
4.7 Alternative Methodologies to Quantify Productivity Growth
Diewert and Nakamura (2006) assert that
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“Productivity is like love. Much is said about the benefits of having more of it,
but disagreement reigns on how best to achieve this.”
They make a point of various methodologies used in measuring productivity
growth. Especially in aggregate production systems, in order to accurately
determine productivity growth, the estimation of various information details
is required, which has always been a challenge even in developed countries.
Some of these information details include intermediate products which are
input for other industries within the economy, or infrastructure, such as road
and ports, which are input to business but often difficult to quantify. In this
section some of the main approaches to measuring productivity growth are
presented.
4.7.1 Growth Accounting
The growth accounting method to calculate productivity growth was
introduced by Solow (1957). The main premise of the method is the
fundamental aggregate production function that is used to calculate
aggregate output based on the factors of production, mainly total labour and
capital available in the economy, and technological progress. In other words,
the production function allows one to determine the level of output at a
particular time, given a particular level of different inputs and technological
progress (Mawson, Carlaw and McLellan, 2003).
To illustrate Solow’s growth accounting method, consider the production
function written as:
௧ܻ = ௧݂ܣ (௧ܮ,௧ܭ) Equation 4.1
Where ௧ܻ indicates output quantity in aggregate at a particular time t, ,௧ܭ
and ௧ܮ indicate capital stock and labour quantities in aggregated amount at
a particular time t, and A presents productivity, or sometimes referred to as
technology, at time t.
Solow observed that if we understand how much output to expect given a
certain level of input as time changes from period t to period t+1, we can
understand the changes in productivity, A. However, to precisely measure
productivity growth, there are important assumptions to make so as to
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restrict interference from other factors such as the diminishing marginal
return to capital. The following assumptions are made, which are important
to understand before proceeding:
 All producers in the market are efficient and try to maximize their
profits.
 The market is efficient, operating in perfect competition, making
producers unable to set prices instead adjusting the quantities they
supply depending on the market prices.
 The production function is homogenous of degree one; that is, it behaves
in constant return to scale.
 Last, the productivity effect A can be determined separately from one
time t to time t+1, which allows the productivity in function of time ௧ܣ
similar to equation 4.1
Having made these assumptions, differentiating equation 4.1 with respect to
time t, we get







Remember, we differentiate with respect to time because our aim is to depict
productivity growth over time.

















However, the marginal productivity of labour (MPL), which is the elasticity











Note that MPK/ݓ௅ is the change in output that results from employing one
more unit of labour.
The marginal productivity of capital (MPK), which is the elasticity of output










































The right hand components of the equation 4.5 are:
௒̇
௒
which is the rate of change of real output units,
௅̇
௅
which is the rate of change of labor units,
௄ݓ which is capital share of income, and
௅ݓ which is labor share of income.
Since all these parameters are always readily available, then productivity
growth can be easily determined. According to Solow (1957), productivity
growth is the measure of our ignorance, since it constitutes increase in
output that cannot be explained by the increase in factors of production.
Later, it became a major interest of economists to attempt to explain the
sources and determinants of productivity growth.
4.7.2 Index Numbers
Index numbers have been commonly used to determine changes in economic
variables that represent a collection of entities or data points of different
aspects, making it difficult to observe all at a time. They provide the
convenience of aggregating effects happening in multiple entities to a single
representative index that can be easily analysed in a meaningful way. For
instance, index numbers are highly used in computing both consumer and
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producer price indices to mimic the price changes over multiples of goods and
services in the economy. In determining productivity growth, it is almost
impossible to find a one input - one output production unit; thus index
numbers are used to the aggregated input - output variables.
Although prices are important, quantity is of primary relevance for the
computation of productivity growth. However, usually there aren’t enough
data to construct quantity index numbers from actual quantities; thus, it is a
standard practice to track value in terms of inputs (costs) or outputs
(revenues) and deflating them using a price index. Whenever quantities can
be derived, it is useful to compute productivity growth in terms of index
numbers.
A general representation of index numbers in terms of values is a measure of
changes in value in a set of products and or services from period s relative to
period t, at their respective prices.
Consider an economy with a prices vector ௜௦݌ = (p1s, p2s, …, pns) at initial
period s, and vector =௜௧݌ (p1t, p2t, …, pnt) for a later period t. Also quantities
vector ௜௦ݍ = (q1s, q2s, …, qns) at initial period s, and vector =௜௧ݍ (q1t, q2t, …,









The hypothetical index Vୱ୲ captures the changes of value for products N,
from time s to time t. Price level changes and quantity level changes for each
commodity i are captured by (p୧୲ p୧ୱ⁄ ) and (q୧୲ q୧ୱ⁄ ) respectively. Thus, with
value changes and one of either price or quantity changes, the other can be
computed (Ahn and Abt, 2003).
From this standard formulation of index numbers, academics have developed
a myriad of index numbers used in economics, finance, statistics and other
applications. In economics, the most common ones include the Laspeyres,
Paasche, Fisher and Tornqvist indices. While Laspeyres and Paasche indices
are calculated under different basic considerations, the Fisher and Tornqvist
indices basically combine the Laspeyres and Paasche indices differently.
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Calculation of Laspeyres and Paasche indices
The Laspeyres index relies on earlier period prices as weights to compare
changes in quantities for all items from 1 to N. Therefore, the Laspeyres












Looking into equation 4.7 it can be noticed that ,௦݌ which represents prices
of the initial period, is in both numerator and denominator; therefore, as is
has been argued before, for quantity changes Laspeyres weights on the
prices of the initial period.












is the share in output value of the i-th commodity.
Thus Laspeyres index is the value of the same commodities at the current
period
As for the Paasche index, it relies on the current period prices as weights to
compare changes in quantities from base to current period, for all items from
















The Fisher index is a geometric mean of the Laspeyres and Paasche indices.












Which is defined as a weighted geometric mean of quantity relatives where
weights are a simple mean of the value shares of i (i=1, …, N) commodities in
a group over base period s and current period t (Ahn and Abt, 2003).
One of the challenges of practitioners and researchers alike in using index
number is to decide which one to use out to a large number of alternatives.
To do so, it is important to refer to the qualities of index numbers since they
either limit or extend the analytical results obtained on productivity growth
scores. The properties are based on the axiomatic and stochastic
characteristics of indices. The desirable properties of index numbers include:
 Positivity: a quantity index number should always be positive.
 Proportionality: if quantities in period s are multiplied by a constant
number λ to yield the quantities in period t, then the index in period t
should be equal to its value in period s multiplied by λ.
 Dimensional invariance: the index should be independent of any units of
measurements, even of the commodities it represents.
 Mean-value test: When prices/quantities of commodities move to the
different degree, the index should be able to respectively lie on the
relative position of the movements.
 Circularity test: given three consecutive periods s, t and r arranged in
order, ௦௥ܫ = ×௦௧ܫ ௧௥ܫ
 Constant quantities test: If quantities consistently did not change in two
periods, then the index should be the same for both periods, even when
price is different in those two periods.
 Time-reversal test: if quantities in period s are interchanged for
quantities in period t, then the new index should be a reciprocal of the
former index.
Given these tests, Laspeyres and Peesche qualify in the least number of tests,
while Tornoqvist fails the fewer. Despite failure to satisfy the circularity
test, the Fisher index fulfils most of the desirable criteria, hence Diewert and
Lawrence (1999) recommends the use of the Fisher index.
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4.7.3 Econometric Methods
Econometrics method has been used in efficiency studies, mainly evaluating
technical, allocative or economic efficiency. Since they depend on econometric
modelling, the process usually begins with specification of the desired
functions, which tend to be mainly cost, revenue or profit functions. One of
the most widely used econometric techniques comprises a single-equation
cross-section model based on either quantities only or quantities and prices
in one-time, or panel data collection.
One of the main features of econometric estimation of a model is the reliance
on measuring the central tendency. That is, for instance in the Ordinary
Least Squares technique, the target is to find the best fit line which indicates
what is likely to happen. However, in efficiency studies, often, it is important
to first identify the best performing data points to make a frontier, which are
considered outliers in the OLS technique, and measure every other data
point against the frontier. Following these criteria, there have been different
modifications in the main assumptions of OLS to accommodate efficiency
estimations.
Winsten (1957) introduced the Corrected Ordinary Least Squares technique,
which approximates actual individual data points by collapsing the residuals,
that is ui = 0, i = 1, …, N. This is done in two stages; first the best fitting line
is determined through the normal OLS procedures. In the second stage, the
largest residual is determined depending on the function used and the
desirable goal of the research. Then, while maintaining the slope of the line,
the intercept of the data is shifted using the largest residual to make the line
where the highest or the lowest data point resides, hence encompassing all
data points. The corrected best fitting line is now used as an efficiency
frontier, either set at the lowest points in case of a cost function, or the
highest points in case of revenue or profit function. However, this technique
suffers from several statistical limitations; first, it is very vulnerable to
outliers since the frontier is only based on a single data point with the
highest or lowest reading in the dataset. Second, it is structurally similar to
Ordinary Least Squares except for the shift. If the econometric model fails to
account for issues such as scale and technology, the results of this
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methodology might be misleading as they will result in comparing entities
using an inappropriate efficiency frontier (Fried, Lovell and Schmidt, 2008).
Thus, the technique fails in being statistically robust for estimation of
efficiency.
In addition to the deficiencies of COLS, one of the main challenges for the
econometric approach has been the ability to separate the effects of
inefficiency and error. In order to overcome this deficiency suffered by COLS
and other econometric techniques, Agner, Lovell and Schmidt (1977) and
Meeusen and Van den Broeck (1977) developed the Stochastic Frontier
Analysis (SFA). This technique imposes the structure for error term
estimates that vi follows a normal distribution, and ui follows either a
half-normal or an exponential distribution. By doing so, the technique
successfully allows disentangling of the error term and inefficiency of the
entity, which enables to econometrically estimate efficiency. The efficiency
scores obtained from this estimation technique are unbiased; however, they
are also inconsistent since it only offers a one shot observation over the
producers. In recent years, SFA has been the most preferred econometric
technique for measuring efficiency.
In a comparison between econometric techniques and others, Mawson,
Carlaw and McLellan (2003) commend the econometric approach for its
flexibility to widen the coverage of analysis on the specified production
technology. That is, econometric techniques can widen the spectrum to gain
additional information on the production process, unlike growth accounting
or indices whose variables are fixed. Further, with an econometric
framework, one can test the validity of the claimed assumption. These
assumptions, including constant or variable returns to scale are usually
imposed in growth accounting or data envelopment analysis (discussed in
section 4.7.4). However, these benefits come with some limitations.
Sometimes, econometric techniques result in implausible results difficult for
researchers to interpret, who then need to impose restrictions a priori that
minimize the flexibility merit of the technique. Also, often, econometric
methods are comparatively difficult to compute, thus, they are considered as
complementary to other methodologies (Schreyer and Pilat, 2001; Hulten,
2000), suitable when there is a need to study the reasons behind productivity
138
growth and efficiency beyond those provided by index numbers, growth
accounting and data envelopment analysis.
4.7.4 Data Envelopment Analysis
The Data Envelopment Analysis, abbreviated as DEA, uses distance
functions to determine Total Factor Productivity (TFP). The technique was
brought forth by Charnes, Cooper and Rhodes (1978), as an extension to the
work of Farrell (1957) and Malmquist (1953). It exploits the use of
mathematical linear programming to establish the production frontier and
allocate the distance between every point and the frontier. Further, it can
estimate the movement of frontier entities, referred to in DEA as Decision
Making Units, moving past the current frontier or those in the frontier
making improvement, meaning changing the frontier.
DEA has several advantages over other methodologies, making it the most
used technique in the recent literature on efficiency. These include its ability
to only use data without any specification of a mathematical form to model
the production technology. Further, there is a high flexibility in the type of
data that can be used in the technique, while it also allows the use of
multiple inputs and multiple outputs to thus enrich the scope of the analysis.
Note that in other techniques, output is usually fixed to a single variable. In
addition, the results of efficiency or productivity are provided for each DMU,
making them very valuable for practitioners and policy makers. Moreover,
productivity growth or efficiency scores can be decomposed to different
sources such as managerial efficiency, technological efficiency, pure efficiency
or scale efficiency. Despite these benefits, the technique suffers from outliers
and statistical inability to generalize the results. Recently, more efforts have
been made to tackle the deficiencies of statistical inference and treatment of
outliers (Simar and Wilson, 2008).
Thus, given the merits of the DEA methodology, this study will mainly
compute efficiency and productivity scores using DEA. This section provides
a general understanding on the different methodologies available in the
literature, especially those which compete with DEA. In order to provide a
coherent understanding of the methodology in the subsequent chapters, a
more concrete discussion of the features employed in each segment will be
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given in their respective chapters.
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Chapter 5: Productivity Changes of
Telecommunications Industry in Africa
5.1 Introduction
This is the first empirical part of this study, dedicated to investigating the
productivity changes in the African telecommunications industry. As shown
in chapter one, the African telecommunications industry grew tremendously
in the decade after 2000. However, many countries are still struggling to
achieve universal service targets, a process which is halted by factors such as
large numbers of disperse populations in rural areas as well as high cost of
telecommunication services for the economically marginalized population
(ITU, 2008). Also, in terms of penetration of advanced telecommunication
technology Africa is still lagging behind. For instance, penetration of
broadband stood at only 10.9 percent in 2013 (ITU, 2014b). Countries with
more efficient telecom sectors are likely to achieve those targets faster and
bring benefits to all stakeholders in terms of higher penetration rates and
affordable prices to consumers, increased profitability to owners as well as
higher salaries to sector employees. Therefore, for countries to reach their
stated policy goals, which include attracting more private investment for
broadband, it is imperative to understand productivity change and learn
which factors determine such changes, so as to promote better policies.
Many studies have been conducted to analyse productivity change in the
telecommunications industry. At the firm level studies have focused on
changes within country boundaries, for example Sadjadi and Omrani (2010)
and Majumdar (1995) investigated the efficiency of operators in Iran, and
the United States and Uganda respectively. At international sectoral level,
which this research is based on, most studies have been concentrated on the
OECD and European countries (see Calabrese, Campisi and Mancuso, 2002;
Daβler, Parker and Saal, 2002; Giokas and Pentzaropoulos, 2008). Despite 
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this wealth of studies, and whereas the telecommunication industry in Africa
has grown significantly, very little is known about productivity patterns of
the telecommunication sector in the continent. To the author’s knowledge,
Bollou & Ngwenyama (2008) conducted the only study that has focused in
productivity changes in telecommunications sector solely dedicated to Africa,
covering six West African countries from 1995 to 2002.
The aim of this chapter is to analyse the patterns of productivity change in
African telecommunications by attempting to answer the following questions:
first, how has the productivity of the telecommunications industry behaved
in the duration of the study? Second, which are the factors that affected such
changes in productivity among countries?
This study will contribute to the existing literature in various ways. To begin
with, it is the first study to exclusively cover the productivity of the
telecommunications industry in the African continent during the period from
2000 to 2009. Second, unlike other studies, the duration covered in this
analysis includes the period when African telecommunications experienced
tremendous growth in infrastructure as well as pickup in mobile penetration
and number of Internet users; and third, the role of strategic international
operators, which is unique to the African telecommunications industry, will
be empirically explored (Moshi, Mwakatumbula and Mitomo, 2013).
The rest of this chapter includes related literature in section 5.2, followed by
section 5.3 on measuring productivity change. Section 5.4 explains the data
and descriptive analysis performed. The empirical results are described in
section 5.5 and finally section 5.6 provides a discussion.
142
5.2 Related Literature Review
The growing importance of telecommunications in current economies and the
sector’s pace of development have ignited interest in understanding the
productivity efficiency of the sector. Earlier studies utilized Divisia TFP
indexation and econometrics to measure productivity changes, mainly of
telecommunication firms as units of analysis, over a period of time. (Lam and
Lam, 2005, Oniki, et al., 1994 and Nadiri and Schankerman, 1981). For
example, Nadiri and Schankerman (1981) analysed technological change and
the rate of growth of total factor productivity of US Bell Systems using data
from 1947 to 1976. The study utilized a translog cost function to estimate an
adjusted Divisia index for measuring productivity change. The results
showed that TFP grew at 4.09 percent annual rate during the post-war
period (also discussed in Moshi, Mwakatumbula and Mitomo, 2013).
Oniki, et al. (1994) deployed a similar methodology as Nadiri et al. (1881) to
measure productivity change, including effects of scale, liberalization, and
technology, in Japan’s Nippon Telegraph and Telephone (NTT) between 1958
and 1987. Their analysis found that NTT grew at an average rate of 3.4
percent per annum. Other studies following this trend include the study by
Yoon (1999) that analysed South Korea’s Korea Telecom (KT); Rushdi (2000)
for Australia’s Telstra; and Lam and Lam (2005) who deployed both growth
accounting and Davisia indexation to analyse the TFP growth of the Hong
Kong Telephone Company (HKTC).
Lately, the literature on productivity change of telecommunications has
evolved both in methodology and units of study. It was not until recently that
the literature focused on comparative analysis of multiple units – commonly
firms or country sectors – usually deploying production possibility frontier
approaches (Erber, 2005, Lam and Shiu, 2008, Bollou and Ngwenyama 2008).
These new developments in methodology have allowed researchers to
understand the productivity changes of a particular unit over time, but also
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provided analytical tools for multiple units of study and comparative relative
productivity efficiencies between units.
Thanks to the presence of a rich literature that uses the production
possibility frontier to measure and compare productivity changes among the
firms, this study can highlight studies that have focused on
telecommunication sectors among countries or the telecommunication sector
in regions within a particular country.
Studies that utilized the production possibility frontier to measure
productivity changes can broadly be differentiated depending on the frontier
approach used and sample of units of comparison. Most studies on the
telecommunications industry have been dedicated to analysing OECD
countries, with a few studies covering the globe, all employing stochastic
frontier analysis or data envelopment analysis.
Giokas and Pentzaropoulos (2008) investigated 36 regions to determine
public telecommunications efficiency in Greece in 1998 using the DEA
approach. The study determined the 15 most efficient regions, which were
used as the basis of policy recommendations for other regions. Lam and Shiu
(2008) applied a similar DEA approach on 31 regions of China with data
between 2003 and 2005. Their results indicate that China experienced
diverse efficiency scores in the telecommunication sector between regions;
however, most differences were due to different operating environments
rather than the efficiency of the telecommunication enterprises.
Erber (2005) used stochastic frontier analysis with data from 1981 to 2002 to
analyse the impact of ICT on the efficiency of the different national
telecommunication industries of the United States, Germany, France, the
United Kingdom and the Netherlands. The study analysed how diffusion of
innovations, particularly Internet and mobile communications, contributed
to productivity and relative advantage of each country’s telecommunication
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sector. The results showed that the telecommunication industries of the
United States and the Netherlands had underperformed their peers before
1993, at which point a turnaround occurred, wherein the two countries took
advantage of the Internet and mobile communications and managed to
significantly catch up to their peers in the study. Giokas and Pentzaropoulos
(2008) applied DEA and Analytical Hierarch Process (AHP) to compare and
rank 30 OECD countries using 2005 data. The study found eight countries to
be the most efficient in the group. The study then categorized countries
based on their most required policy reform such as focusing on creating
attractive tariff policies, reduction of present operational costs and
increasing labour productivity. In another account, Koski and Majumdar
(2000) measured the productivity changes of telecommunications in the
OECD, and analysed where the lagging behind countries were able to
catch-up or leapfrog their productivity performance over time. Their study
concluded a presence of catch-up but no leapfrogging by the relatively less
efficient countries.
At a global level, Madden and Savage (1999) investigated
telecommunications productivity, innovation and technological catch-up
using the DEA approach on a panel of 74 countries around the world for the
period from 1991 to 1995. Although the result showed that less
industrialized countries in Africa and the Western Hemisphere experienced
negative annual growth of 3.7 percent and 10.2 percent, the whole sample
experienced 0.9 percent productivity growth, and the authors suggested that
developing countries could enhance their productivity through the catch-up
process by improving their policies. A more recent work by Lam and Shiu
(2010) using DEA and econometrics studies the economic growth,
telecommunication development and productivity growth of the
telecommunications sectors of 105 countries during a period from 1980 to
2006. Unlike Madden and Savage (1999), the authors point out that the
middle upper income countries experienced the fastest productivity growth.
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The authors explained that a somewhat different conclusion between these
two studies is due to differences in the duration used in the analysis.
However, both studies pointed out that those countries that embraced
liberalization and privatization policies experienced better productivity
changes than their peers.
To the author’s knowledge, although Madden et al (1999) and Lam et al.
(2010) included African countries in their analysis, the study by Bullou and
Ngwenyama (2008) is the only study that attempted to analyse productivity
changes of telecommunication sectors among countries in the African
continent. The study investigated the productivity efficiency of six West
African countries between 1995 and 2002 using DEA. The results showed
that productivity grew at 2.5 percent in all countries in the study for the
period between 1995 and 2002. However, the growth rates were quickly
declining during 2002 at which time half of the sample experienced decline
in productivity in their telecommunications sectors.
This study fills the gap in the literature concerning productivity changes in
African countries. It builds on the works of Bullou and Ngwenyama (2008),
Madden and Savage (1999), and Lam and Shiu (2008) by dedicating the
analysis on productivity change in the telecommunications industry to a
larger sample of countries, and covering a time during which the continent
experienced greater growth in the industry.
5.3 Measuring Productivity Change
Productivity is broadly defined as the ratio of change in outputs to the
change in inputs of an economic system. When comparing productivity
growth of a cross-section of economic systems across time, it is imperative to
determine the production frontier, which measures the maximum possible
outputs that can be produced by an economic system given a set of inputs at
a given technology at each particular time. The computation of the
production possibility frontier allows determination of the most efficient
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economic agents in the group (Chapelle and Plane, 2005). The most efficient
economic agents in the group form the production possibility frontier which
is then used to calculate the productivity scores of other economic units in
the group relative to the production frontier (Moshi, Mwakatumbula and
Mitomo, 2013).
The production frontier can be calculated mainly by two approaches, the
parametric-based stochastic frontier analysis or the non-parametric
Malmquist Productivity Index. Although Coelli, Rao and Battese (1998)
suggested that the selection of the appropriate approach should depend on a
pragmatic basis, Lovell (1993) concluded that neither approach is superior to
the other. Similarly, Battistoni, Campisi and Mancuso (2006) employed both
Stochastic Frontier Analysis and Malmquist productivity indexing to analyse
productivity of the telecommunications markets in the European Union; they
concluded that, other than the magnitude of the efficiency score, both
methodologies yielded similar results.
This study adopts the nonparametric Malmquist productivity index
approach to analyse productivity change. Unlike alternative methods, this
index has the following advantages. Productivity changes can be estimated
without imposing any functional form on the empirical forms, price
information is not required and no assumptions of economic behaviour of a
firm such as profit maximization or cost minimization are needed. Further,
the method can be applied in cases of multiple inputs and multiple outputs.
Besides being easy to compute, the index can be decomposed to different
sources of productivity change, which are mainly technical efficiency and
technological change. In addition, the production frontier estimated by this
method is not based on technology hypothetical assumptions; rather, actual
input and output information about the operating DMUs are used, hence it is
more practical since it is characterized by productivity measures of the best
operating DMUs (Moshi, Mwakatumbula and Mitomo, 2013).
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Caves, Christensen and Diewert (1982a) introduced the use of distance
functions to compute the Malmquist index to measure productivity. Fare,
Grosskopf, Norris and Zhang (1994) simplified the index calculation by
showing that the index can be directly estimated using linear programming
techniques in the form of data envelopment analysis (DEA). The Malmquist
index estimated through the DEA approach can be calculated using distance
functions to accommodate the assumption that the economic agents are
operating under a constant or variable return-to-scale.
In order to determine the Malmquist productivity index, it is assumed that,
given the technology St that defines all feasible combinations of input/output
vectors, each DMU is capable of transforming inputs, x୲ ∈ ℝା
୒ to outputs
y୲ ∈ ℝା
୑ for each time period t = 1,…,T, and can be expressed as
S୲= {(x୲, y୲): x୲can produce y୲} (1)
According to Farell (1957), under the constant return to scale assumption,
output-based technical efficiency can be defined as the maximum possible
proportional increase of the output, using the same inputs at a given
technology. Shephard (1970) and Fare (1988) proposed that D଴
୲(x୲, y୲), which
is the output distance function based on the input and output vectors at time
t, can be defined as
D଴
୲(x୲, y୲) = inf{θ: (x୲, y୲/θ) ∈ S୲= (sup{θ: (x୲, θy୲) ∈ S୲})ିଵ (2)
The last portion of the equation (2), the part sup{θ: (x୲, θy୲) ∈ S୲} stores the
supremum(sup) of θ which is the greatest factor by which output vector 
y୲could be expanded technically as efficiently as possible, based on the input
vector x୲ (Mawson, Carlaw and McLean, 2003). As asserted by Fare et al.
(1985), the reciprocal of this value provides the measure of D଴
୲(x୲, y୲). Using
DEA, the maximum supremum (sup) of θ is set by the best performing DMUs 
in the group, thus forming the production frontier which exhibits D଴
୲(x୲, y୲) =
1. Therefore, the closer a DMU is to the production frontier the lower the θ 
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and the larger is its managerial efficiency score, which can reach a maximum
of one. On the other hand, the further the DMU is from the production
frontier, the lower below 1 is its managerial efficiency score, given the
technology St at time t.
Since the Malmquist productivity index measures productivity change across
time, the equation (2) can be modified into a different time period as
D଴
୲(x୲ାଵ, y୲ାଵ) = inf{θ: (x୲ାଵ, y୲ାଵ/θ) ∈ S୲ (3)
where D଴
୲(x୲ାଵ, y୲ାଵ) is the output distance function that determines the
maximum proportional change in outputs required to make the combination
(x୲ାଵ, y୲ାଵ) feasible in relation to the technology at t.
Following the work of Caves, Christeen and Diewert (1982a and b), the
Malmquist productivity index is defined as a ratio of two output distance







Whereby the numerator is the output distance function at time t based on
the technology at t, and the denominator is the output distance function at
time t+1 based on period t technology.
Similarly, the Malmquist productivity index can be expressed in terms of the







Fare et al (1994) avoided choosing an arbitrary technology by specifying
their Malmquist productivity change index as the geometric mean of the
Malmquist index in reference to technology at two different period times,
that is period t and t+1. Thus, their Malmquist productivity change index
can be defined as;
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Equation (6) above provides the Malmquist productivity index change based
on output distance function, taking into account changes in reference
technology from period t to t+1. Thus, the value of M0 in equation (6) can be
greater than 1, which indicates that productivity grew from period t to t+1.
On the contrary, a value of less than 1 indicates that productivity has
declined, while a value of 1 indicates that productivity has remained the
same between periods t and t+1.
Equation (6) can further be written as:
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As interpreted by Fare et al. (1994), these two portions of equation (7) can be
defined as



















Efficiency change (EC) can be referred to as managerial efficiency change
due to the DMU’s ability to organize its production processes to improve the
proportional increase in output given the level of input from period t to t+1.
On the other hand, technological change (TC) can be defined as the efficiency
change that results from changes in technological advancement that allows
better transformation of inputs to outputs between period t and t+1.
Technological change (TC) stipulates the shift in the production frontier as
innovations increase. Hence, the Malmquist productivity index can simply be
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defined as the product of efficiency change (EC) to technological change (TC)
under the assumption of constant rate of return.
To accommodate a variable rate of return, efficiency change (EC) can be
further decomposed to include pure efficiency change (PEC) and scale
efficiency change (SEF).
That is, the Malmquist productivity growth index = TC × PEC × SEC
Thus, under variable return to scale assumptions, the Malmquist
productivity growth index is expressed as the product of technical efficiency
change, pure efficiency change and scale efficiency change (Moshi,
Mwakatumbula and Mitomo, 2013).
5.4 Data and descriptive analysis
As stipulated in the previous section, the DEA approach requires a set of
inputs as well as a set of outputs to compute the Malmquist productivity
index. Previous studies have used different combinations of input and output
variables, mainly based on the relevance and availability of data. In case of
inputs variables for instance, Giokas and Pentzaropoulos (2008), Madden
and Savage (2001), and Calabrese et al. (2002) used total number of telecom
staff as a proxy for labour and access lines and number of Internet hosts as
proxies for capital. Due to the evolution of the telecommunications sector,
capital expenditure is not limited to fixed lines but also relates to other types
of telecommunications infrastructure. As the time passes a large portion of
capital investment in telecommunications is deployed into data networks
such as fibre cables, spectrum acquisition as well as mobile networks.
Madden and Savage (2001) proposed, as data become available, the use of
telecommunications capital stock may be a more appropriate proxy for the
industry-wide measure of capital as an input variable. Following this
suggestion, this study used the number of full-time telecom staff and
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telecommunications capital stock as the two inputs for calculating the
Malmquist productivity index.
Similarly to the input variables, the literature exhibits a range of variables
chosen as proxies for the output of the telecommunications industry. Given
the nature of the telecommunications industry, different groups might have
different metrics as measures for output. While operators look to increase
their revenue, as it is important to keep their firms in ongoing profitable
business operations, policy makers are more likely to target increase in
penetration of telecommunication services as their goal. The difference in
these views can be tracked in the literature by looking at the way
researchers chose variables that represented telecommunications sector
output. For example, most studies (Calebrese et al., 2002, Battistoni, et al.,
2006, Lam and Shiu, 2010 and Lien and Peng 2001) have used the firm’s
view – telecommunications revenue – as the only measure of the industry’s
output. Symeou (2011) used the policy maker’s view – penetration of fixed
lines, penetration of mobile lines and percentage of Internet users as output
variables. On the other hand, Bollou and Ngwenyama (2008) and Giokas and
Pentzaropoulos (2008) combined both views by incorporating revenue and
penetration aspects of the telecommunications industry. Madden and Savage
(1999, 2001) included in their model sector revenues and a quality aspect as
output measured by the ratio of waiting list length to total fixed lines. This
study used the combined approach by using four variables to define output:
number of fixed lines, number of mobile subscriptions, number of Internet
users and total telecommunications revenue.
For measuring productivity in the telecommunications sector, the data
consist of 30 African countries for the period 2000 to 2009. The main sources
of data were the International Telecommunications Union (ITU) World
Telecommunications/ICT Indicator database, 2010. In order to cross check
the data and fill in the missing data, the World Bank’s Private Public
Investment (PPI) database was also used. Despite the effort, a number of
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countries had no data submitted in the period covered, hence they were left
out of the analysis. The values for telecommunication capital stock and
revenues were in US dollars at constant (2000) prices (Moshi,
Mwakatumbula and Mitomo, 2013).
5.5 Empirical Results
To compute the changes in productivity in the African telecommunications
industry, the Malmquist productivity index and its components were
computed following the DEA approach for over 30 African countries for the
period 2000 to 2009. Using equation 6 developed in section 7.4, the relative
efficiency scores for each country were calculated under the assumption of
variable return to scale (VRS). A value of 1 indicates the same level of
efficiency in the current period compared to the previous period, while
greater than 1 exhibits improvement and less than 1 implies declining
productivity (Moshi, Mwakatumbula and Mitomo, 2013).
The results in this section have been arranged into four sub-sections. The
first sub-section highlights the general results on the trend of efficiency
change demonstrated by the entire sample across the period under study.
The second sub-section dives into a country-by-country analysis, giving the
results of each country’s performance within the sample. The third
sub-section follows with the results of the decomposed Malmquist
productivity index showing changes in terms of technological efficiency,
managerial efficiency, pure efficiency and scale efficiency. Finally, the last
sub-section discusses the dynamics between economic development level and
performance in productivity changes.
153
5.5.1 Results on the Productivity Change of the African Telecommunications
Sector at the Continent Level
a) Trends in the year-to-year DEA Efficiency Change
To reveal the overall dynamics of productivity change in the
telecommunications sector in African countries across the period under
study, the yearly scores for the entire sample are first presented. Table 5.1
provides the annual average efficiency change score from 2000/2001 up to
2008/2009, in one year intervals. While the first and second columns show
the year and average efficiency change respectively, the third column shows
the lowest efficiency change attained by a particular country in the sample.
The fourth column shows the highest score of efficiency change reached by a
country in the sample for the particular year. The last column (fifth) records
the number of countries in the sample that underperformed in the particular
year, compared to the previous one. This includes the number of all countries
with efficiency change less than 1 in a particular year.
Table 0-1 - Annual Mean Efficiency score for the telecommunications sector in 30









2001 1.092467 0.359 1.622 11
2002 1.0289 0.53 1.896 13
2003 1.209867 0.665 1.715 4
2004 1.227867 0.938 1.689 4
2005 1.226833 0.772 1.737 3
2006 1.377167 0.904 3.039 3
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2007 1.255067 0.824 1.842 4
2008 1.2943 0.656 2.246 4
2009 1.358067 0.866 4.292 5
As depicted in table 5.1, the efficiency change in the African
telecommunication industry remained positive throughout the period of the
study. The first two years recorded the weakest growth in productivity, both
below 10 percent annual growth, with the period 2001/2002 recording the
lowest productivity growth of only a 2.9 percent increase. The unfavourable
productivity changes in the African telecommunications industry in these
two early years can further be seen in other indicators, as the lowest score
recorded in the initial year 2000/2001 was only 0.359, which means that the
least performing country faced a reduction in its previous year’s productivity
of more than half, in fact 64.1 percent. Further, the number of countries that
declined in productivity was the largest in the initial two years, reaching 11
and 13 for 2000/2001 and 2001/2002 respectively. Perhaps the initial weak
improvement in productivity in the African telecommunication sector was
due to the newness of the sector’s reforms and mobile technology which were
in the initial phases, yet to be adopted by many countries in the continent
(Moshi, Mwakatumbula and Mitomo, 2013).
Following the first two years which recorded weak productivity gains,
countries gained remarkable pace in the rest of the period under study,
achieving more than 20 percent productivity growth in each year. The peak
year was in 2006 where efficiency in the telecommunication industry reached
37.7 percent more than the levels recorded in 2005. Further, in the period
2002/2003 to 2007/2008, the number of countries that recorded negative
efficiency growth was reduced to only 3 or 4 countries per year. 2008/2009
had 5 countries with negative efficiency growth; however, this number is still
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far from the 11 countries recorded in the weak growth initial period. This
trend is perhaps attributable to the results of acceptance of mobile
technology and industry reforms that started to become a norm in many
African countries (Moshi, Mwakatumbula and Mitomo, 2013).
5.5.2 Country-by-country DEA Efficiency Change Results
Having seen the general trend in terms of productivity change in the African
telecommunications industry across the years, it is important to turn to how
individual countries performed to provide comprehensive evaluation of the
results. For simplicity of presentation, the results of all countries are given
in three-year intervals to more clearly depict the dynamics of efficiency
change across countries. The three-year periods are 2000/2001 through
2002/2003, 2003/2004 through 2005/2006, and 2006/2007 through 2008/2009.
a) Individual Countries’ DEA Efficiency Scores for 2001 – 2003
Table 5.2 shows the details of the efficiency change scores achieved by each
country in the study for the first three years, and the average of this first
period is given in the last column. In this three-year period, most countries
improved the efficiency of the telecommunications sector, with the exception
of six countries (Algeria, Eritrea, Ethiopia, Gabon, Mali, and Sao Tome and
Principe) that recorded a negative value. These results allow us to look into
countries whose productivity deteriorated. All countries that deteriorated in
the period showed decline for at least two years, whereby Algeria and
Ethiopia have displayed the most stagnant sectors since their sectors
deteriorated in all three years in the period.
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Table 0-2 - Individual countries efficiency change scores in telecommunications, 2001 –
2003
2001 2002 2003 2001 - 2003
Algeria 0.747 0.902 0.774 0.808
Benin 1.319 1.326 0.936 1.194
Botswana 0.959 0.96 1.429 1.116
Burkina Faso 1.37 0.53 1.124 1.008
Cameroon 1.445 1.202 1.03 1.226
Cape Verde 1.094 1.021 1.189 1.101
Cote d'Ivoire 1.095 1.103 1.22 1.139
Egypt 0.933 1.09 1.105 1.043
Eritrea 0.988 0.847 1.163 0.999
Ethiopia 0.994 0.69 0.665 0.783
Gabon 1.302 0.752 0.766 0.940
Ghana 1.16 1.092 1.715 1.322
Kenya 1.068 1.099 1.044 1.070
Madagascar 1.168 0.769 1.123 1.020
Mali 0.802 0.68 1.509 0.997
Mauritania 0.359 1.403 1.489 1.084
Mauritius 1.106 1.012 1.285 1.134
Morocco 1.155 1.281 1.18 1.205
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Mozambique 0.856 1.051 1.323 1.077
Namibia 0.801 0.985 1.433 1.073
Niger 1.473 1.896 1.259 1.543
Nigeria 1.478 1.265 1.3 1.348
Rwanda 1.622 0.92 1.052 1.198
Sao Tome and Principe 0.818 0.776 1.234 0.943
Senegal 1.134 1.184 1.45 1.256
South Africa 1.078 1.094 1.376 1.183
Sudan 1.077 1.212 1.603 1.297
Togo 1.134 1.095 1.157 1.129
Tunisia 0.989 0.938 1.22 1.049
Uganda 1.25 0.692 1.143 1.028
During this period when countries were in the initial stage of liberalizing
their markets, few had the type of institutional framework that could allow
private investors to take part in building telecommunications infrastructure.
Some countries, such as Ethiopia, intentionally delayed making reforms in
the telecommunications industry in order to protect their incumbent public
operators from competition.
b) Individual Countries’ DEA Efficiency Scores for 2004 – 2006
During this middle period in the study, most countries had adopted and
some were working on the legal framework of the institutional reforms that
would completely change the telecommunications sector. For example, by the
end of 2006, 40 countries, making 75 percent of Africa, had already
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established telecommunications regulators to liberalize the market. However
usually there is a lag between regulation enactment and investment.
Table 0-3 - Individual countries efficiency change scores in telecommunications 2004 –
2006
2004 2005 2006 2004 - 2006
Algeria 1.093 0.772 0.932 0.932
Benin 1.473 1.166 1.624 1.421
Botswana 1.175 0.782 1.141 1.033
Burkina Faso 1.162 1.322 1.414 1.299
Cameroon 1.105 1.24 1.291 1.212
Cape Verde 0.957 1.048 1.27 1.092
Cote d'Ivoire 1.445 1.277 1.508 1.410
Egypt 1.074 1.607 0.982 1.221
Eritrea 1.215 1.316 1.076 1.202
Ethiopia 1.041 1.196 1.14 1.126
Gabon 1.105 1.16 1.132 1.132
Ghana 1.538 1.327 1.451 1.439
Kenya 1.063 1.219 3.039 1.774
Madagascar 0.938 1.254 1.136 1.109
Mali 1.028 1.336 1.644 1.336
Mauritania 1.36 1.374 1.263 1.332
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Mauritius 0.946 1.06 1.135 1.047
Morocco 1.409 1.195 1.247 1.284
Mozambique 1.491 1.661 1.564 1.572
Namibia 1.198 0.857 1.119 1.058
Niger 1.689 1.737 1.68 1.702
Nigeria 1.149 1.436 1.459 1.348
Rwanda 0.957 1.133 1.393 1.161
Sao Tome and Principe 1.338 1.017 1.016 1.124
Senegal 1.456 1.207 1.287 1.317
South Africa 1.287 1.386 1.219 1.297
Sudan 1.379 1.09 2.421 1.630
Togo 1.142 1.033 0.904 1.026
Tunisia 1.37 1.26 1.177 1.269
Uganda 1.253 1.337 1.651 1.414
Table 5.3 shows the results of individual countries in the efficiency change
scores in the period 2004-06. As can be seen, the region improved its
productivity growth in the middle three-year period as it grew at an average
of 27 percent per annum. This is more than twice the yearly average growth
in productivity achieved in the initial three-year period. Further, a lower
number of countries declined in productivity growth compared with the
initial three-year period. While the rest of the countries in the sample gained
in the sector’s productivity growth, Mauritania and Gabon declined in
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productivity by scoring negative change in productivity change (Moshi,
Mwakatumbula and Mitomo, 2013).
c) Individual Countries’ DEA Efficiency Scores for 2007 – 2009
The last three-year period (2007 – 2009) consists of the period of in time
when a substantial number of countries in the African continent had already
adopted structural reforms in the telecommunications sector. For instance,
at the end of 2009, 80 percent of African countries had liberalized their
markets, and more investors had started to consider African
telecommunications as a growth market.
Table 0-4 - Individual countries efficiency change scores in telecommunications 2007 –
2009
2007 2008 2009 2007 - 2009
Algeria 1.004 1.057 1.185 1.082
Benin 1.561 0.905 1.39 1.285
Botswana 1.161 0.839 3.448 1.816
Burkina Faso 1.488 1.519 1.318 1.442
Cameroon 1.274 1.189 1.188 1.217
Cape Verde 0.857 2.02 0.89 1.256
Cote d'Ivoire 1.481 1.366 1.108 1.318
Egypt 1.118 1.09 1.128 1.112
Eritrea 1.241 1.287 1.263 1.264
Ethiopia 1.28 1.1 1.513 1.298
Gabon 0.983 0.948 0.866 0.932
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Ghana 0.937 0.656 1.413 1.002
Kenya 1.762 1.249 1.027 1.346
Madagascar 1.842 1.975 1.004 1.607
Mali 1.466 1.227 1.774 1.489
Mauritania 1.192 1.594 0.898 1.228
Mauritius 0.824 1.061 1.091 0.992
Morocco 1.186 1.296 1.088 1.190
Mozambique 1.214 1.286 1.27 1.257
Namibia 1.055 1.187 1.107 1.116
Niger 1.586 2.246 1.424 1.752
Nigeria 1.125 1.705 1.436 1.422
Rwanda 1.565 1.37 1.377 1.437
Sao Tome and Principe 1.087 1.135 4.292 2.171
Senegal 1.162 1.442 0.95 1.185
South Africa 1.15 1.094 1.105 1.116
Sudan 1.089 1.214 1.077 1.127
Togo 1.373 1.259 1.139 1.257
Tunisia 1.03 1.08 1.058 1.056
Uganda 1.559 1.433 0.915 1.302
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Private sector engagement in the telecommunications industry, especially in
the mobile subsector, had gained pace, and more consortiums were forming
for construction of new and upgrading of the existing undersea fibre cables.
At the same time, according to Colandro and Moyo, (2012), most nations
were working on developing national broadband networks using different
approaches, mainly private-public partnership models and privately owned
networks (Moshi, Mwakatumbula and Mitomo, 2013).
Table 5.4 shows the results of each African country’s individual efficiency
growth in the telecommunications industry for the three-year period 2007 –
2009. In this last three-year period, the African telecommunications industry
grew at an average of 30.2 percent per annum, the highest compared with
the previous periods. In addition to that, the number of countries that
underperformed, that is, had an efficiency change score below 1, dropped to
only two countries, Gabon and Mauritius. While Mauritius was heavily
struck by a decline in revenue of its business outsourcing sector that utilizes
telecommunications infrastructure, Gabon’s decline is due to limited policy
reforms in its telecommunications markets. However, overall this was the
best three-year period in the study for the African telecommunications
industry.
In general, when focusing on year-to-year improvement of all countries in the
sample that represents the African continent in this study, the results
suggest that the African countries continued to improve efficiency growth in
the telecommunications industry during the first decade of the twenty first
century. Further, the number of countries that underperformed with
negative efficiency growth decreased through the decade. These results
suggest that the sector reforms that took place throughout the period under
study were effective (Moshi, Mwakatumbula and Mitomo, 2013).
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5.5.3 Decomposition of the Malmquist Productivity Index
a) Malmquist Productivity index (TFPC), Efficiency Change (EC) and Technological
Change (TC)
Figure 5.1 shows the general trend of Malmquist productivity index and its
components for the sample African countries across the period of the study.
As it can be clearly seen, except for the period 2001 – 2002, productivity
improved in all years as the TFPCH tends to be above one in all years except
in 2002 where productivity remained unchanged. More specifically, the
Malmquist productivity index improved by an average of 18.7 percent per
annum throughout the period of the study indicating substantial and
consistent increase in efficiency.

























When looking into the components of Malmquist productivity change, the
African telecommunication sector benefited by technological change. As seen
from figure 5.1, technological change, or innovation, improved by an average
of 21 percent per annum throughout the study. With the exception of the
first (2001) and second (2002) years where technological change scored below
and at 1, therefore, underperformed and remained unchanged respectively,
it improved in the rest of the years in the study. It seems that African
countries took advantage of the technological improvements in the
communication technologies to induce efficiency in the telecommunication
industry.
On the other hand, efficiency change underperformed through most of the
period of the study. Figure 5.1 shows that with the exception of 2001 and
2007 when efficiency change improved, and in 2000 where it remained
stagnant, it declined in all other years. When the entire period is considered,
efficiency change declined at an average of 2 percent per annum across the
period under study. In other words, the ability of management to improve
their organization in terms of changing their inputs to output deteriorated
(Moshi, Mwakatumbula and Mitomo, 2013).
b) Cumulative efficiency scores of the African telecommunications industry
Although yearly productivity change scores have been a standard
representation of efficiency results, Fare, Grosskopf, Norris and Zhang (1994)
offer an additional perspective by including cumulative results of the
productivity indices. Showing the cumulative results of the productivity
indices provides a clear picture on the continuous trend of the Malmquist
productivity index, and the contribution mix of its components. Following
Fare, et. al. (1994), figure 5.2 provides the cumulative scores of Malmquist
Productivity index and its core components: managerial efficiency change
(EC) and technological change (TC).
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Figure 0-2 - Cummulative efficiency scores 2001 - 2009
As can be clearly seen in figure 5.2, the telecommunication industry grew in
productivity tremendously between 2001 and 2009. Further, since
managerial efficiency remained almost the same in cumulative terms
throughout the study period, it neither contributed nor substantially
dragged down the Malmquist productivity index. However, gains in
technological change (TC) have grown more than five times during the period.
Thus, the growth due to the technological change has caused improvement in
the overall sector productivity, although there was continuous stagnation in
managerial efficiency. Needless to say, most of the gains in the sector’s
productivity have been the result of substantial improvement in
technological advancements (Moshi, Mwakatumbula and Mitomo, 2013).
b) Decomposition of Managerial Efficiency Change into Pure Efficiency change













Having learnt the results of the Malmquist productivity index decomposition
in the above sub-section, this part discusses the results of further
decomposition of the managerial efficiency change. Following section 7.4,
managerial efficiency change (EC) can be expressed as a product of pure
efficiency change (PEC) and scale efficiency change (SEC). Trends of
managerial efficiency change, pure efficiency change and scale efficiency
change are depicted in figure 5.3.
Figure 0-3 - Trend in Managerial Efficiency Change (EC) and its components 2001 -
2009
In the case of scale efficiency change, though it improved in five out of nine
years under the study, those improvements were only small, growing the
highest in 2008 by 3.6 percent. On the other hand, in the rest of the years the
losses were higher compared to the gains, reaching 14.2 percent drops in
2009. In the overall period, scale efficiency change deteriorated by 2 percent.
Pure efficiency change grew in the initial (2001) and final years (2007 and
2009) while it regressed in the rest of the time period studied. Over the
entire period, pure efficiency grew by only 0.2 percent, meaning it essentially
remained the same throughout the period. Needless to say, since scale
efficiency change scored negative growth (0.98 which is below 1), and pure
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efficiency essentially remained the same through the period (1.002),
managerial efficiency change (EC), which is given by the product of SEC and
PEC, regressed by 2 percent (Moshi, Mwakatumbula and Mitomo, 2013).
5.5.4 Relationship between the Level of Economic Development and
Efficiency Change
Due to the wide economic diversity exhibited among African countries, which
affects telecommunication demand and investment, a more detailed picture
can be painted by studying productivity in the telecommunications sector
according to each country’s economic situation. Table 5.5 shows the results of
the analysis for each country in terms of Malmquist productivity index and
its components with respect to the World Bank’s income classification of
economies.
Table 0-5 - Malmquist index and its components for countries 2000 - 2009
Category Countries EC TC PC SC TFPC
Low income Benin 0.991 1.287 1.042 0.951 1.276
Burkina
Faso
0.956 1.258 1.004 0.952 1.203
Eritrea 1.047 1.093 1.021 1.025 1.145
Ethiopia 0.984 1.054 1.01 0.974 1.036
Ghana 0.983 1.231 1.043 0.943 1.211
Kenya 1.094 1.192 1.098 0.997 1.304
Madagascar 0.994 1.201 1.04 0.956 1.194
Mali 1.025 1.188 1.055 0.972 1.219
Mauritania 0.922 1.226 0.944 0.977 1.131
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Mozambique 0.99 1.291 1.052 0.941 1.279
Niger 1.209 1.36 1.238 0.977 1.644
Rwanda 0.976 1.271 0.977 0.999 1.241
Senegal 0.994 1.248 1 0.994 1.241
Togo 0.904 1.251 0.925 0.977 1.13
Uganda 1.029 1.177 1.027 1.003 1.211
Low-middle
Income
Cameroon 0.963 1.259 1.006 0.958 1.213
Cape Verde 0.949 1.172 0.952 0.997 1.112
Cote d'Ivoire 0.995 1.286 1.027 0.969 1.28
Egypt 0.908 1.226 0.948 0.958 1.113
Morocco 0.956 1.28 0.959 0.997 1.223
Nigeria 1.113 1.224 1.091 1.019 1.362
Sao Tome
and Principe
1 1.214 1 1 1.214
Sudan 1.065 1.224 1.061 1.003 1.303




Algeria 0.898 1.034 1 0.898 0.929
Botswana 1 1.186 1 1 1.186
Gabon 0.83 1.187 0.837 0.992 0.986
Mauritius 0.857 1.226 0.861 0.995 1.051
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Namibia 0.98 1.089 0.981 0.999 1.067
South Africa 1 1.193 1 1 1.193
Low Income countries 1.007 1.222 1.032 0.976 1.231
Low-middle Income 0.984 1.235 0.994 0.99 1.215
Upper-middle Income 0.928 1.153 0.947 0.981 1.069
Sample 0.981 1.21 1.001 0.981 1.187
As it can be seen, with regard to productivity changes in the
telecommunications sector, major differences exist between countries of
various economic levels. The results show that productivity increased the
most in low income countries at an average of 23 percent, while in
upper-middle income countries (the richest countries in the sample) grew the
slowest at only 7 percent. Focusing on the components of the Malmquist
productivity index, technological change grew in all country categories led by
the low-middle income countries which grew at an average of 23.5 percent,
while low income and upper-middle income countries improved at 22 percent
and 15 percent respectively. Furthermore, with exception of low income
countries which remained almost constant (0.7% improvement), efficiency
change in other country groups declined throughout the period, the most
decline being 8 percent experienced by upper middle income countries.
Thus these results suggest two points about the African telecommunications
industry during the period of study. First, productivity grew across the
region, and most of the productivity improvement is due to technological
progress (innovation). Second, low income countries exhibited higher
productivity improvements and were the only group with positive efficiency
growth compared to their peers. Hence, although productivity in the
telecommunications industry grew across the continent, most of it was due to
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technological progress, and low income countries seem to have had greater
efficiency improvement.
5.6 Discussion
The development of the telecommunications industry in Africa has been a
recent phenomenon, as investment in telecommunications infrastructure
surged and the continent experienced a rapid growth in the uptake of
telecommunications, most notably mobile phones. This chapter attempted to
investigate the dynamics of productivity change in the telecommunication
industry in the continent by first using a DEA-based Malmquist productivity
index to analyse the productivity changes of a sample of 30 African countries
between 2000 and 2009. The results of this study suggest three key points.
First, productivity has improved in the African telecommunications industry,
perhaps due to the implementation of liberalization policies. However, most
of the productivity improvement was due to technological progress
(innovation) resulting from the adoption of better technology. This indicates
that the efficiency experienced in the African telecommunications industry
has been mainly imported, since Africa is a net importer of technology.
Managerial efficiency as a source of productivity growth has remained
stagnant throughout the period investigated. Managerial efficiency reveals
how human resources, that is, those who administer the technology are
efficient in extracting benefits from it. These include the innovativeness of
management, efficiency of the organizational structures and ability of the
experts in the industry to extend the uses of the technology available. The
results show that Africa has barely extended the uses of the mobile
technology. Therefore, similar to the suggestion made by Madden and
Savage (2001), African countries could achieve more productivity gains by
improving their technical productivity, meaning improve their managerial
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efficiency by creating and diffusing applications that extend the uses of
technology beyond voice and texting. Although there are a few innovations
such as M-Pesa, until recently their successful adoption has been limited to a
few countries.
Second, it has been shown that low income countries have exhibited higher
productivity improvements compared to their peers. This may be due to the
fact that low income countries are late adopters of technology, hence they
avoid the cost of trial and error in deploying alternative technologies which
end up failing to acquire mass production (Moshi, 2013). For example, while
early adopters had to choose between GSM and CDMA for wireless, late
adopters directly deployed GSM technology since it had already been
established, and the technology was supported by a wide range of equipment
manufacturers with cheaper user devices in mass production. In the case of
wealthier countries, productivity grew, however at a sluggish rate, mainly
because of the saturation of the mobile market (Moshi, Mwakatumbula and
Mitomo, 2013). For instance, countries such as South Africa, Mauritius and
Seychelles had penetrations of mobile phones above 90 percent in 2010, thus
their ability to improve mobile productivity was rather diminished. This
picture is encouraging for development of the industry and economy in Africa,
since it shows that marginalized countries are catching up to the developed
ones in terms of productivity growth, especially in rural areas given that
mobile penetration in urban areas is almost saturated.
The application of the DEA methodology permits the extraction of results on
productivity growth for each country in the analysis. Therefore it is easier to
identify which countries have grown faster in terms of productivity to enable
benchmarking of their policies. To get a meaningful discussion for policy
marking, the leading countries are arranged according to the World Bank
categorization of income. This is because countries of different income groups
had different initial adoption of technology. More specifically, the wealthiest
income countries in Africa such as Mauritius and South Africa had early
172
adoption of mobile phones, whereas low income countries have had a more
recent adoption, starting from a weak base. Following that categorization,
South Africa and Botswana attained the highest productivity growth in the
Upper Middle Income group; Nigeria and Sudan in the Lower Middle Income
group, and Kenya and Niger led the Low Income group. It is assumed that
income correlates with a number of other social and economic factors in this
group thus by identifying these countries insights can be drawn for other
countries to learn from. The telecommunications industries in each of the
countries with highest productivity growth in their category (Kenya, Nigeria
and South Africa) together with have been described in section 2.4 with
details on the process of liberalization, market structure, competition and
other government policies that promote access and use of
telecommunications services.
In conclusion, productivity in the African telecommunications industry has
improved, however the ability of the human resources in the industry to
exploit the technology has been stagnant, suggesting the industry needs to
improve its managerial efficiency. Further, an encouraging result is that
countries that were left behind are quickly improving their productivity.
Lastly, the best performing countries have been identified for further policy
benchmarking by their peer countries with similar social economic
development level.
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Chapter 6: Convergence in Industry Efficiency and
Technology Adoption
6.1 Introduction
The World Bank (2009) reports that the adoption of advanced
telecommunication services such as broadband account for higher levels of
economic growth. In addition, developing countries benefit more from equal
additional penetration compared with developed nations. Based on the
economic growth phenomenon, as long as the market is yet to be saturated,
additional penetration of telecommunications can be attributed to either
increasing factors of production – capital and labour – or improving
production efficiency (Cronin, Parker, Colleran and Gold, 1991). Therefore to
gain the economic growth premium of additional penetration of
telecommunication services which developing countries have enjoyed, it is in
the interest of each country to increase efficiency along with attracting more
investment to its telecommunications sector in order to experience higher
adoption levels of both basic and advances services, and achieve spill over
benefits in the economy (Moshi, 2013).
The increasing accumulation of capital, acquisition of technical capabilities
through the involvement of multinational telecommunications firms, and
expansion of demand in the telecommunication sector across countries, have
empowered social capabilities for technological catch-up and convergence of
production patterns in countries that were lagging behind (Abramovitz,
1986). These conditions were expected to reduce disparity in production
efficiency and technology adoption across countries. Koksi and Majumdar
(2000) introduced two fundamental types of convergence in the
telecommunications industry literature as adopted from income distribution
studies. Sigma convergence, or catch-up process, describes those countries
which were erstwhile less efficient and becoming as efficient as erstwhile
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efficient countries. On the other hand, beta convergence, or leapfrogging, is
observed when previously less efficient countries have become more efficient
than erstwhile better performing countries. Little is known about how the
telecommunication sector in Africa has improved its production efficiencies
over time, and whether disparities in production efficiencies and adoption of
telecom services that used to exist have increased or diminished over time
across countries (Koski and Majumdar, 2000). To the author’s knowledge, no
study has been conducted to study this phenomenon in African countries
(Moshi, 2013).
This chapter employs a nonparametric approach, particularly Data
Envelopment Analysis (DEA), to first study the efficiency of the
telecommunications sector in 30 African countries from 2000 to 2009. Then,
the results are analysed to understand the convergence of countries in terms
of efficiency scores in three prominent forms of telecommunications, namely
fixed lines, mobile telecommunications and Internet. The results of the study
provide a better understanding on the performance and adoption gaps in the
telecommunications industry among African countries.
The rest of the paper is organized as follows. Section 6.2 provides a related
literature review, followed by methodology in section 6.3. Data and model
formulation are presented in section 6.4. Section 6.5 presents the empirical
results; and finally, section 6.6 draws the conclusion.
6.2 Related Literature Review
Due to the rapid development of the telecommunications industry in the
recent years, there has been an increasing interest to investigate
productivity and efficiency of telecommunications both at sectoral and firm
levels. The literature review is confined to studies that focus on measuring
efficiency in cross-region settings, and its subsequent forms of convergence
particularly catch-up and leapfrogging.
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Early studies in productivity of telecommunications relied on parametric
approaches, particularly using the cost function to estimate productivity
changes. Along these lines, Nadiri and Schankerman (1981) looked at the
productivity growth of the US Bell System from 1947 to 1976 across their
state operations using adjusted Divisia index based on estimates obtained
from the translog cost function to calculate TFP (Total Factor Productivity).
The results of their analysis found that the annual growth rate in the period
was 4.09 percent and that a large portion of productivity growth was due to
economies of scale.
The adjusted Divisia Index used by Nadiri and Schankerman (1981) suffered
from estimation bias since the telecommunications industry is regulated. To
correct this bias, Madden, Savage and Ng (2003) employed
multi-product-multi-input cost functions for a regulated utility, a model
developed by Fuss and Waverman (1977), to compute the Davisia index for
TFP estimation. They investigated growth in total factor productivity (TFP)
of 12 Asia-Pacific telecommunications carriers for the period 1987 to 1990.
The results show that competition, private ownership, technology change
and scale economies improve carrier productivity growth. Studies that
followed similar methodologies include Kwoka (1993), Crandall (1991),
Denny, Fuss and Waverman (1981), Nadiri and Nandi (1997) and Nadiri and
Prucha (1990). Despite the strong foundation of econometric measures of
productivity, the approach’s statistical reliability greatly depends on the
proper specification of the cost function, which is likely to vary among the
sample data analysed; hence vigilant consideration is necessary when
adopting such an approach.
More recently, the productivity literature on the telecommunications
industry has been extended to analyse convergence and divergence patterns
in productivity across countries and firms. Perhaps the most common form of
convergence found in the literature is the sigma convergence (catch-up
process).
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Calabrese, Campisi, and Mancuso (2002) used the DEA (Data Envelopment
Analysis) based Malmquist index and Cobb-Douglas production function to
measure evolution of total factor productivity and labour productivity of the
telecommunication industry in 13 OECD countries between 1979 and 1998.
With an econometric regression function, the study assessed catch-up (sigma)
convergence in productivity among the countries. The results depicted no
statistical evidence to suggest catch-up convergence. Madden and Savage
(1999) also used the Malmquist Productivity index to assess productivity
growth, innovation and catch-up convergence of 74 countries from 1991 to
1995. Their study found productivity growth of the telecommunications
sector in African countries was declining at 4.7 percent a year during the
above period, and the technology catch-up (sigma convergence), together
with competition and privatization, could improve productivity levels of the
lagging countries.
Mancebon and Lopez-Peuyo (2012) extended the analysis of sigma
convergence by analysing whether the distribution pattern of the
productivity scores remained the same even after detecting presence of
sigma convergence. The authors assessed the sigma convergence in the
production efficiency of ICT industries in six industrialized countries using
DEA approach to compute efficiency scores and kernel density estimation to
depict the patterns of sigma convergence for the period from 1979 until 2001.
The model results show that while productivity of these countries has sigma
converged, there have been intra-distributional changes from a unimodal
distribution toward bimodal distributions. The first group constituted of
countries with high efficiency levels while the second group had lower sector
efficiency scores, though with higher efficiency levels than in the earlier
years and closer to the more efficient countries.
Koski and Majumdar (2000) investigated both catch-up (sigma) and
leapfrogging (beta) convergence in 22 OECD countries between 1980 and
1995 in telecommunications sector efficiency and penetration of three main
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forms of telecommunications services – fixed lines, digitalization and mobile
subscribers. Though they used DEA to estimate productivity scores, the
study relied on non-parametric techniques, particularly Wilcoxon Sign
Ranked Coefficient and Kendall’s W, to measure the sigma and beta
convergences. It was found that, in telecommunication services, the OECD
countries had experienced catch-up (sigma) convergence at 8 percent per
annum, with evidence of leapfrogging (beta) convergence. The study found
sigma convergence in the sector’s productivity; however, there was no
evidence of beta convergence. Battistoni, Campisi and Mancuso (2006)
studied harmonization of productivity in Europe by investigating whether
the efficiency of the telecommunications sector for the 10 countries that
joined the European Union on May 2004, had been catching up to the old 15
member states. Their study used DEA and stochastic frontier analysis to
model efficiency levels, and similar to Koski and Majumdar (2000), they
employed Wilcoxon Sign Rank Coefficient and Kendall’s W to assess
leapfrogging and catch up effects. Their model found presence of sigma
convergence and no evidence of beta convergence in each group, however the
two groups combined indicated the presence of both sigma and beta
convergence.
From the previous literature, there is no clear assumption that can be made
on the presence of convergence, since the previous studies have yielded
mixed results concerning convergence in telecommunications industry across
countries.
6.3 Methodology
6.3.1 Data Envelopment Analysis
Data Envelopment Analysis is a nonparametric, deterministic methodology
that computes the relative efficiencies of entities, called Decision Making
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Units (DMU), based on empirical data that consist of the combination of
inputs and the resulting outputs obtained for each DMU at a given
technology. Using the linear programming equation system, the methodology
determines the best performing DMUs, which set the production frontier, the
efficiency reference indicating the best performance attainable by the DMUs
at the given technology. The performance of other DMU’s in the panel is
computed by measuring the distance from the production frontier, therefore
indicating their relative level of inefficiency.
As opposed to other methodologies for computing efficiency such as
Stochastic Frontier Analysis and Davisia indexing, DEA does not require
imposing any functional form of production frontier estimation or any
distributional form for the error terms; consequently, misspecifications of the
production function are minimized (Carrington et al. 2002). Further, in the
case of firms, production behaviours such as profit maximization or cost
minimization are not specified, but are assumed to be fully reflected in the
efficiency scores of each DMU.
Computing the DMUs’ efficiency using DEA can be approached from two
perspectives, namely, input orientation or output orientation. Input-oriented
efficiency is usually adopted when outputs are fixed and inputs are
constrained or need to be reduced, while the latter is considered when inputs
are fixed and the output needs to be maximized. In either case, DEA models
can be estimated according to any of the three main scale assumptions: more
precisely, constant return to scale (CRS), variable return to scale (VRS) or
non-increasing return to scale (NIRS). Whichever orientation is adopted,
either input or output-oriented, the efficiency level ranking of the DMU’s
does not change; however, when the DMUs are not operating under the
assumption of constant returns to scale, efficiency values change when
moving from one orientation to another (Calabrese, at al., 2002). Due to
regulation and government specific policies imposed on the
telecommunications industry, it is unlikely for the industry to operate in
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optimal conditions that permit constant return to scale. Thus, this study
adopts a variable returns to scale assumption, based on input-oriented DEA
modelling.
To derive the variable returns to scale (VRS) DEA model, the constant return
to scale model is first derived, then necessary conditional constraints are
applied to achieve the VRS model. Based on the constant returns to scale
(CRS) structure, Charnes, Cooper and Rhodes (1978) introduced an
input-oriented model based on the maximum ratio of weighted outputs to
weighted inputs. Assuming there is a data-panel of J DMU’s, each with I
inputs and R outputs, xij is the observed amount of the ith input of the jth
DMU (xij>0, i = 1,2,…,n, j = 1,2,…,n) and yrj is the observed amount of the rth
output of the jth DMU (yrj>0, r = 1,2,…,n). Given ur and vi as weights for the
input and output measure respectively, the following linear programming
equation system is employed to determine values for ui and vj while
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Applied to each DMU, the above linear programming system assigns
appropriate weight to each DMU and provides efficiency scores of less than
or equal to one. However, this formulation suffers from an infinite number of
solutions since if (u*, v*) is a solution, then (αu*, αv*) is another solution and
so on. Charnes and Cooper (1962) showed that this situation can be resolved
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by imposing a condition for the weighted input and setting the denominator
equal to one, that is
෍ ௜଴ݔ௜ݒ = 1
௠
௜ୀଵ
Including the restricting condition to the linear programming problem, the
efficiency h0 for DMU0 can be written as:
max
௨
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The above linear programming problem can be represented in an
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When the above formulation, based on a constant returns to scale
assumption, is implemented where DMUs are not operating at an optimal
level, the managerial efficiencies tend to be confounded by scale efficiencies.
According to Banker, Charnes and Cooper (1984), to adjust the above
formulation to reflect the variable returns to scale assumption, the convexity
constraint is imposed on the linear programming formulation by the
following condition:
෍ ௝ߣ = 1
௡
௝ୀଵ
When the above restriction is added into the constant returns to scale linear
programming problem, the model becomes an input oriented variable
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Solving the above system of linear programming equations yields Θ, which is 
the managerial efficiency score for DMU0. The process is iterated J times to
obtain the managerial efficiency for each DMUj (j = 1, 2… n). Since the
managerial efficiency, Θ, for each DMUj is confounded to the restriction Θ ≤ 
1, the DMUs with managerial efficiency equal to 1 form the production
frontier, thus are technically efficient (Farrell, 1957).
6.3.2 Measuring Convergence
6.3.2.1 Sigma convergence
There are a number of methods that have been devised to assess the
presence of sigma convergence trends across a sample population, as well as
between different points in time. With varying level of complexity and
precision, each of these methods attempts to measure whether the units
measured are converging to a more equal status or they are diverging from
each other, hence representing an unequal situation among the sample
population. The main techniques employed in the literature include range;
range ratio; McLoone index; coefficient of variation; Gini coefficient and
Theil T statistic. This study has adopted the coefficient of variation on the
simple side, and Theil T statistics on the comprehensive side to eliminate
method-oriented bias and reinforce results. Further, in choosing the two
methods over the other techniques mentioned, advantages and
disadvantages of using each methodology were considered. Adopting two
methods will sufficiently serve the assessment task without compromising
the advantages of each (Moshi, 2013).
Measuring Sigma convergence using the Coefficient of Variation
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The coefficient of variation is given by the ratio of standard deviation to the
mean measured at different times. According to Williamson and Fleming
(1996:349-350), the coefficient of variation is a more preferred measure of
convergence than other measures, particularly variance and standard
deviation, due to its ability to account for changes in the mean.




Thus, the coefficient of variation shows the degree of variability tied to the
mean value.
More precisely, as depicted in figure 6.1, when more data points are tied
near the mean, the population is said to be more equal, or converged. In this
case, the higher the mean is, the narrower the distribution curve is, the
lower the value of the coefficient of variation is. On the other hand, figure
6.1 illustrates that a diverged, or comparatively unequal, population will
be characterized by a lower mean, wider dispersion of the distribution curve,
and higher value of coefficient of variation.
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Figure 0-1 - The normal distribution
Source: Cowell (2009)
The coefficient of variation studied in a single period has little meaning;
however, changes over time indicate whether sigma convergence occurs.
More specifically, the rate of convergence between two years can be given as:
MC year⁄ =
(CV୲ଵ− CV୲ଶ)
CV୲ଵ ∗ (t2 − t1)
∗ 100
Where by MC/year = mean convergence per year, CVt1 = coefficient of
variation in the earlier date, CVt2 = coefficient of variation at the later date,
t1 = the earlier date, and t2 = the later date.
The rate of convergence is measured by the mean average per period of
measurement; hence, the greater the coefficient of variation over a specified
period of time, the greater the magnitude of sigma convergence among
countries.
This technique benefits from relative ease of understanding since it is a
simple modification of the standard deviation, which in principle measures
the dispersion of data units in the distribution. The concepts can be easily
explained to non-statisticians and convey the intended phenomenon. In
addition to that, it incorporates more information than just dispersion of the
185
data points by including differences in the mean values of two populations,
or the same population over time. Further, since the standard deviation of
the distribution is divided by its mean, the method can handle outliers and
reduce skewing in the distribution. However, as explained by Hale (n.d.),
theoretically the coefficient of variation can range between zero and infinity,
hence it is difficult for the researcher to draw concrete conclusions on the
tolerable level of convergence (or divergence) based on just this metric.
Theil index measurement
Similar to the coefficient of variation, the Theil index is used to measure the
degree of sigma convergence or inequality among regions. Based on
information theory, the measure was introduced by Henry Theil (1967)
under the family of Generalized Entropy measures of convergence or
equality. Besides its wide use in economics studies to measure convergence
(or divergence) especially in income across regions, it has also been broadly
adopted in other scientific fields such as health research (see Borrell and
Talih (2012), Gachter and Theurl (2011) and Harper and Lynch (2005)) and
in inequality in environmental justice (see Levy, Chemerynski and
Tuchmann, 2006 and Jacobson, Hengartner and Louis, 2005).
The main idea behind the Theil index is measuring the dispersion of the
parameter of interest by incorporating the share of population of each sub
region in the total region under investigation; hence, it helps to deepen the
understanding of the pattern and dynamics of sigma divergence. As
Conceicao and Ferreira (2000) put it, the Theil index determines conformity
between the parameter of interest and population distribution structure by
summing, across groups, the weighted logarithm of the ratio between each
region’s measured parameter and population shares. When the ratio of a
region equals one, then that particular group does not contribute to
inequality, and in one extreme, if all regions have a ratio of one, then all
regions have achieved the highest level of sigma convergence without
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inequalities. From the above explanations, it becomes apparently that
measuring sigma convergence by using the Theil index offers additional
advantages by including population distribution insights beyond a mere
analysis of convergence.
Given yp representing the parameter of interest of the ith individual in a




each individual’s relative contribution to the sample mean, μ୷. Then the
relative contribution of each individual is compared to x୧. The result
represents what an individual would have contributed under the assumption
of distribution.
Therefore, according to Theil (1967), the Theil index can be defined as
follows:










However, x୧, which is the share of the region in the aggregate parameter of




where y represents the population in region i.
When x୮ is substituted in the above equation, it becomes
























When the value of L decreases, approaching zero, the regions are said to be
converging. On the other hand, when the value of L increases, the regions
experience divergence with regard to the parameter measured.
Having shown the formula for calculating the Theil index, a more intuitive
understanding can be grasped, which will enhance proper interpretation of
the method’s results. To achieve that goal, let’s describe each portion of the
equation. First, the index is a summation of the resulting computation of the
bracketed portion of the equation for each unit in the population. Second, the
value 1/n represents the contribution of each individual unit to the entire
population. Since the formulation is based on individual units and not
subgroups of units within a large group, the individual contribution of each
unit in terms of population share would be equal to 1/n. Third, the ratio
୷౦
ஜ౯
returns unit p’s value to the population average of the same measure. More
precisely, it measures whether the unit adds to the equality, which
translates to convergence, or it adds to inequality and divergence. A value of
one shows that the unit has the same value as the mean hence contributing
to convergence, while a value other than zero depicts some level of
divergence and inequality between the individual units measured.
The natural logarithm of the ratio provides an important characteristic as,
since those units with the same measure as the population mean will return
1, their natural logarithm returns zero. Hence they are not contributing to
divergence or inequality. Note that, in theory, the measured values in most
social economic phenomena such as income, health status, or adaptation of a
particular knowledge have a lower boundary of zero while the upper
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boundary can be infinity. In order to apply the Theil index, individual units
with “zero or less” value in the measured parameter of interest should be
dropped since the natural logarithmic function is not feasible. Given that
this condition holds for all units in the sample population, the natural
logarithm function will yield positive values for units with measures above
the population average and negative values for units with values below the
population average. When all units in the population have the same value in
the measured parameter of interest, which means they will have the same
mean, then the value of the Theil index will be zero. Thus, zero is the lowest
level of the Theil index, which shows that the population has the same
measure for the measured parameter of interest for all units and the
population is highly equal and converged. On the contrary, when Theil index
increases away from zero, this indicates that the population is experiencing
higher sigma convergence.
Theil index for aggregated data
In many applications, the data to be analysed do not represent individuals
but are rather aggregated in the form of families, regions, universities or
even countries. However, even with these aggregated data, the focus is on a
measure that affects individuals within each group, as well as the overall
population. In such a situation, sigma convergence may happen in two
distinct phenomena: within-group and between groups. For example, in case
the parameter of interest is penetration of telecommunications in a continent,
as in this study, within group sigma convergence will measure the trends
within the country while between group sigma convergence will measure
convergence between different countries. The population sigma convergence,
measured through the Theil index, will be the summation of the
within-group Theil index and the between-group Theil index. This can be
presented as:
T = T’g + Twg
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Recalling the formula for computing the Theil index, each individual’s
contribution to the population is equal to 1/n. Since the phenomenon remains
the same in within-group analysis, this part of the equation will remain the
same when calculating within group sigma convergence using the Theil
index. However, in real life scenarios, groups such as schools or countries
tend to have varying number of individual members, which contribute
differently to the overall population under study. The algebraic
representation of the between group elements of the Theil index for sigma











Where i indicates the particular group, p୧ is the population of the ith group,
P is the entire population under investigation, y୮ is the mean of the
measured parameter in the pth group, and In is the mean of the parameter
of interest for the entire population across all groups.
Despite the mathematical difficulty and lack of intuitive interpretation of the
Theil index, it is the most appropriate method when dealing with grouped
data, and whenever data is available, deeper clearer conclusions can be
drawn concerning the within and between groups decomposing the index.
6.3.2.2 Beta Convergence
There exist various methodologies to measure presence of beta convergence
in the data. While each methodology has advantages and disadvantages, in
this study two techniques are selected based on their different
characteristics. The Wilcoxon signed rank test is adopted as a nonparametric
method, while the OLS regression method is also used as a parametric
technique aimed to gain a deeper understanding of the trend, as well as
providing a complementary method to achieve robust results. The details of
each methodology are given in the following sub sections.
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Wilcoxon signed rank test
Following Koski and Majumdar (2000) and Calebrese et. al. (2002), the
Wilcoxon signed rank coefficient, a non-parametric statistic, has been
adopted for assessing the presence of beta convergence.
The Wilcoxon signed-rank coefficient – based on the population median –
measures whether there has been an intra-distributional change among the
ranking of countries from an earlier time to the later time. In order to detect
beta convergence in the sample as the telecommunications sector develops,
this procedure is conducted for each year against the base year, which in this






















n being number of countries yielding non-zero absolute difference
between subsequent years, and
ܑ܀
(ା) being the ranking of differences between the base year and year i
Measuring beta convergence using OLS regression
In order to further extend the analysis and evaluate the nature of beta
convergence or divergence in the data, a panel estimation approach with
fixed effect is applied to test the presence of absolute and conditional beta
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convergences. The ability to depict different concepts of convergence renders
to the econometric method the advantage not only of confirming the results
obtained from the Wilcoxon signed rank test, but also providing additional
information on the mobility of countries within a given distribution (Moshi,
2013).
This concept describes whether countries with low initial values (such as
sector productivity or penetration of telecommunication services) grow faster
than those with higher initial values. Following Sala-i-Martin (1996), the
equation to measure absolute beta convergence among countries over time
depends on the average growth rate of each country and its initial value.
Hence, given the value for parameter y for all countries from i = 1, …, N,
during the period from 0 to T, then the absolute beta convergence can be
calculated by estimating a growth equation in the following form:
growthit = + ઺ * In(yi,0 ) + ઽi
where
growthit = (In(yi,T ) - In(yi,0 ))/T
In(yi,0 ) is the natural logarithm of the parameter for country i at the initial
time,
In(yi,T ) is the natural logarithm of the parameter for country i at the ending
pediod, and
ઽi is the standard error term.
The parameters and ઺ represent constant and beta convergence
respectively. A negative value of ઺ indicates that countries have
experienced absolute sigma convergence, zero indicates presence of neither
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convergence nor divergence, while a positive value shows that countries have
been diverging from each other.
6.4 Data and Model
The data used in the analysis consist of 30 countries in Africa for the period
from 2000 through 2009. Data covering annual observations were primarily
taken from the ITU Telecommunication database – 2009. For data validation
and filling data gaps in the data panel accessed from the ITU, the World
Bank’s Public Private Investment (PPI) – 2010 database was also used.
Nevertheless, due to unavailability of data in multiple years, countries such
as Burundi and Somalia have been omitted from the analysis.
To measure efficiency in the telecommunications industry, a DEA model was
specified consisting of two input variables: total investment in
telecommunications and total number of staff employed by the
telecommunications industry. The total number of staff refers to all full time
employees of the telecommunication operators for each year in each country.
In case part time employees are present, their contribution is converted into
the equivalent of full time employees. In similar studies by Koski and
Majumdar (2000), Battistoni et al (2006) and Symeou (2011), investment in
telecommunications is used as a proxy for capital that is used to acquire,
maintain and upgrade the telecommunications infrastructure that supports
services rendered by the industry. To account for inflation, investment in
telecommunications (measured in millions) was taken at 2009 prices.
Choice of output variables was based on the interaction between firms and
policy makers. While for firms, revenue is important to remain profitable
and able to invest in advanced technologies, policy makers are more geared
towards goals such as affordability of the services and universal service
provision, hence telephone subscriptions and Internet users are more likely
to be used for measurement (Giokas et al., 2008). Against this background,
this study uses three output variables to reflect the goals of both actors.
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Applying DEA methodology over competing alternatives, particularly
Stochastic Frontier Analysis is based on the former’s ability to accommodate
multiple outputs.
Hence, the model consists of three output variables, namely total telephone
subscriptions, Internet users and revenue. Total telephone subscriptions
include both fixed lines and mobile subscriptions. Although fixed lines and
mobile subscriptions could stand as two individual variables, this study
followed Lam and Shiu (2008) and Giokas et al (2008)’s procedure. This
procedure reduces the number of variables and allows variability whenever
the study includes a small number of DMUs (Coelli, Prasada-Rao and
Battese, 1998). While total telephone subscriptions include large portions of
basic communication, especially in African countries, it is important to
capture the level of advanced telecommunications in outputs as well, similar
to Symeou (2011) and Koski and Majumdar (2000). The number of Internet
users was employed to reveal the adoption of advanced telecommunication
technologies as one of the output indicators.
Total revenue in the telecommunications industry (measured in millions
USD) was used to capture the sector’s productivity, which includes earnings
from direct provision of telecommunication services excluding revenue of
resellers. This indicator has been used as the main output in most studies
(see Giokas et al. (2008), Lien and Peng (2001) and Lim and Shiu(2011)) as it
is more suited for industries with a large number of services, which are
delivered in significantly different quality levels (Christensen et al. (2003)).
Table 6.1 provides the descriptive statistics for the variables.
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Table 6-1 - The descriptive data of both input and output variables
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Investment (in millions USD)
Mean 287 435 564 722 894 1147 1434 1772 2109 2395
SD 694 984 1153 1341 1443 1708 2116 2635 2974 3416
Min 2 3 7 9 11 13 14 15 15 15
Max 3692 5086 5798 6669 6669 6669 6994 9767 11443 14560
Staff (in thousands)
Mean 7320 7234 7057 7247 7390 9018 9786 10259 10522 11000
SD 13389 12893 12179 12056 12154 16057 20781 22130 22829 25046
Min 108 97 95 93 89 87 86 81 74 70
Max 54922 54810 53108 53108 54759 69120 102935 107623 112194 126552
Subscribers (in thousands)
Mean 1080 1421 1836 2230 3214 4967 6804 8838 11371 14008
SD 2689 3333 4024 4711 5787 8902 11276 13496 16756 20136
Min 5 5 8 12 15 19 26 38 57 72
Max 13301 15711 18546 21681 25689 38689 44304 46832 64297 75937
Internet users (in thousands)
Mean 142 193 303 414 650 1007 1401 1707 2538 3678
SD 437 528 651 796 1155 2011 2498 3090 5202 8741
Min 4 6 9 12 14 20 22 23 25 27
Max 2400 2890 3100 3283 4000 9026 9867 12850 23982 43989
Revenue (in millions USD)
Mean 476 498 525 756 969 1246 1492 1820 2118 2216
SD 1306 1192 1135 1684 2117 2901 3580 4268 4791 5322
Min 6 5 7 8 10 10 11 12 13 14
Max 6830 6197 5826 8917 11172 15498 19161 22901 25415 28740
Source: ITU World Telecommunications Indicator and Public Private
Partnership Database World Bank
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The results of the above DEA model are then analysed using the
methodology proposed above to assess the presence of both catch-up and
leapfrogging convergences. To further investigate the phenomenon,
convergence is tested on the three telecommunication services indicators,
specifically penetration of main lines, mobile penetration and percentage of
Internet users.
6.5 Empirical Results
In this section the statistical results of the econometric process will be
discussed. The results are presented in two sections: first, the analysis of
sigma convergence, beta convergence and conditional beta convergence.
Secondly, the results on the same convergence concepts are given for specific
telecommunications services, namely penetration of mobile, fixed-lines and
Internet usage.
6.5.1 Convergence in Efficiency of the Telecommunication Industry
(a) Sigma Convergence
Table 6.2 shows the descriptive results of the DEA model, and the sigma
convergences in the telecommunications industry in 30 African countries
under study. As it can be seen, the coefficient of variation has been declining
at an average rate of 1.1 percent per year. This means the efficiencies of the
telecommunications industries of different countries in Africa
“sigma-converged” to each other over the period of the study. Generally, the
distribution of countries in efficiency of telecommunications industry has
become narrower.
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Table 6-2 - Results of σ convergence of the efficiency of the telecommunication industry 
Year DEA Model Descriptive
Statistics
Sigma convergence
Mean Standard Deviation Coefficient of
Variation
2000 0.729533 0.259019 0.355
2001 0.806267 0.241737 0.300
2002 0.785433 0.228139 0.290
2003 0.765633 0.237458 0.310
2004 0.720767 0.262154 0.364
2005 0.6893 0.246477 0.358
2006 0.6809 0.247873 0.364
2007 0.7292 0.244699 0.336
2008 0.702967 0.246118 0.350
2009 0.752667 0.240823 0.320
AV.CONV 0.011
Figure 6.2 illustrates the sigma convergence behaviour of countries with
regard to the efficiency of the telecommunications sector in African
countries.
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Figure 0.2 - Sigma convergence for efficiency in African telecommunications industry
The graph shows that the trend of sigma convergence in the African
telecommunications sector has not been stable. Between 2000 and 2002
countries experienced the largest convergence in efficiency; however, this
trend was reversed in the two following years (2002 – 2004) to almost where
it was in 2000. From then, the coefficient of variation increases and
decreases from one year to another; however in the entire period, the
coefficient of variation slowly decreases by 1.1 percent annually. Hence,
countries that were less efficient with regard to the productivity of their
telecommunications industry in 2000 have been catching up, at an average of
1.1 percent, to the countries which were more efficient as measured by their
ability to transform capital and labour into telephone subscriptions, Internet
users, and industry revenue (Moshi, 2013).
Figure 6.3 presents the sigma convergence results on efficiency scores of
countries, based on the Theil index. As explained in section 6.4, despite the
Theil index methodology being computationally difficult, it provides a more





























each individual country’s population into the entire sample population hence
removing biases from population disparities among the countries compared.
Figure 0-3 - Theil index for sigma convergence on productivity of the African
telecommunication sector
The trend illustrated by figure 6.3 shows that the Theil index in the African
countries followed the same path as depicted by the coefficient of variation
after correcting for the population share of each country. The Theil index
suggests that countries experienced sigma convergence over the entire
period of study at a speed of 1.48 percent each year. Further, although the
directional movements are similar in almost all years, the magnitude of each
move is slightly different. More confidently, the results from both
methodologies show that sigma convergence took place in the efficiency of
the African telecommunications industry.
(b) Beta Convergence
The results of beta analysis for 30 African countries in telecommunications
productivity are presented by first analysing the Wilcoxon signed rank test
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signed rank test can be seen in table 6-3 in which the first two columns show
the descriptive statistics of the productivity distributions, and the last
column shows the results of the scores of the Wilcoxon signed rank test
obtained in each year from 2001 to 2009 compared to the base year, 2000.
Table 6-3 - Wilcoxon rank test for productivity of African telecommunication industry
R,** means that H0 hypothesis can be rejected at the 0.01 level of significance,
R,* means that H0 hypothesis can be rejected at the 0.05 level of significance.
The results from the Wilcoxon signed rank test suggest that African
countries have not experienced beta convergence with any statistical
significance with regard to the efficiency of the telecommunication industry
Year DEA Model Descriptive Statistics Beta convergence
Mean Standard Deviation Wilcoxon Z (Compared to
2000)
2000 0.729533 0.259019
2001 0.806267 0.241737 2.555R,*
2002 0.785433 0.228139 1.867
2003 0.765633 0.237458 0.731
2004 0.720767 0.262154 0.547
2005 0.6893 0.246477 1.271
2006 0.6809 0.247873 0.901
2007 0.7292 0.244699 0.121
2008 0.702967 0.246118 0.36
2009 0.752667 0.240823 0.628
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from 2000 through 2009. That is, the countries’ ranking in terms of efficiency
of telecommunication industry has remained almost the same throughout
the period. However, the initial period, 2000 – 2001, was the only time with
statistically significant rearrangement in the order of country rankings in
terms of efficiency. Hence, countries with efficient telecommunications
industries have remained more efficient compared with other countries in
Africa from 2000 through 2009.
The alternative to the Wilcoxon signed rank test, the weighted OLS is
presented in two models differentiated by the time duration since the base
year. The first model covers the first half of the period (2000 to 2005) while
the second model covers the entire period in the analysis (2000 to 2009). The
results of weighted OLS from both models are depicted in table 6.4.
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Number of countries 30 30
Notes: Figures in the brackets are the t-statistics, and ***, **, * represent
statistical significance at the 0.01, 0.05, 0.1 levels respectively.
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For the period 2000 to 2005, model I shows that countries with lower
productivity scores in 2000 attempted to grow faster than countries with
initially higher productivity scores. The coefficient of productivity growth at
year 2000 was 0.086 with a significance level of 1 percent. Model II shows a
similar pattern when the entire period is taken into account (2000 – 2009).
More specifically, the coefficient of productivity in 2000 rises to 0.12, and the
fitness of the model increases with R-squared reaching 0.62.
The results of beta convergence from the Wilcoxon signed rank test and OLS
regression measure two aspects of beta convergence. While the former
measures changes in ranking among countries from one year to another, the
latter measures the differences in growth speed among countries based on
their initial productivity score and their score in subsequent years. Before
rankings change in absolute values, changes in growth speed should be
observed in favour of beta convergence or divergence. Theoretically, if
countries with low initial scores improve their productivity at a faster pace
compared to initially high performing countries, and this phenomenon
continues sustainably, the ranking in absolute productivity scores will
change.
In light of the differences between the Wilcoxon signed rank test and OLS
regression, the results suggest two things; first, though at a small pace,
countries have caught-up to each other, that is, countries which were poorly
performing in the initial year, have improved their productivity score in the
subsequent years after 2000. This trend has been vividly shown by the
results in the OLS regression. Secondly, according to the Wilcoxon signed
rank test, the ranking of countries in terms of efficiency in the
telecommunication industry has remained the same, hence it can be deduced
that there has been no leapfrogging convergence.
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6.5.2 Convergence in Adoption of Telecommunication Services
(a) Sigma convergence
The results on sigma convergence for fixed line penetration, mobile
penetration and percentage of Internet users among the 30 countries in the
sample are shown in table 6.5. As it can be seen, the coefficient of variation
for fixed line penetration – which is the oldest form of telecommunication
infrastructure in the study – generally declined across the period of study,
although not in every year. More specifically, from 2000 until 2004 the sigma
convergence increased and decreased from one year to another; however,
since 2005 there has been a stable decline in the coefficient of convergence,
indicating an increasing sigma convergence. Further, countries seem to have
“sigma-converged” in fixed lines penetration at a marginal rate of 0.7 percent
per year (Moshi, 2013).
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Table 6-5 - Results of measures of σ convergence in penetration rates of fixed lines, 
mobile subscriptions and Internet users
In the case of mobile penetration, countries started at a lower base of sigma
converge in the base year with the coefficient of variation at 1.671, the
highest level of divergence among all three forms for technology penetrations
in the study. Nevertheless, countries have experienced an average sigma
convergence of 7.6 percent per year, the fastest decline in coefficient of
variation compared to other forms of telecommunication services penetration.
As for Internet users, the coefficient of variation has decreased from 1.575 to






2000 1.423 1.671 1.575
2001 1.438 1.469 1.452
2002 1.434 1.305 1.277
2003 1.457 1.160 1.184
2004 1.440 1.048 1.135
2005 1.445 1.011 1.067
2006 1.432 0.883 0.953
2007 1.391 0.743 0.938
2008 1.361 0.585 1.039
2009 1.358 0.526 1.001
AV.CONV 0.007 0.076 0.04
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1.001 from the base year to the last year of the study, depicting an average
sigma convergence rate of 4.04 percent per year.
Figure 6.4 clearly shows the convergence trends among the three
telecommunications services. In particular, while the distribution of
penetration of fixed line services among the study countries almost
remains the same throughout the period under study, countries seem to have
significantly sigma converged in mobile penetration and Internet usage as
seen in figure 6.4.
Figure 0-4 - Sigma convergence for telecom services in 30 African economies
Further, a closer tie in the rates of sigma convergence for mobile penetration
and percentage of Internet usage seems to continue from 2000 through 2006.
While the rate of sigma convergence in mobile penetration remained the
same from 2006 to 2009, the rate of convergence seems to have stalled in the
case of Internet usage. Nevertheless, as the graph shows, generally the




































by percentage of Internet users, while the distribution of countries with
regard to fixed line remained almost the same throughout the period under
study.
The results of the Theil index investigation provide a rather interesting
picture on the sigma convergence in the three telecommunication services
discussed in this study. As illustrated above, although the Theil index is a
complicated methodology, it offers merit in the robustness of sigma
convergence analysis that it provides. The dynamics of convergence among
different forms of telecommunications can be seen in figure 6.5.
In terms of fixed line convergence, Theil index increased slowly between
2000 and 2005, showing a decrease in sigma convergence at a rate of 3.8
percent per year, then stayed stagnant for the following three years before
dropping, meaning increasing sigma convergence, which reached 28 percent
in the last year (2008 – 2009). In the entire period, the Theil index shows
that African countries experienced sigma convergence at a speed of 1.57
percent per year. Hence, the results of sigma convergence between the
coefficient of variation and Theil index are the same in direction; however,
the Theil index indicates a much higher speed of sigma convergence (1.57
percent) compared with that of the coefficient of variation (0.07 percent).
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Figure 0-5 - Theil index for telecom services among 30 African countries
In the case of mobile penetration among African countries, the Theil index
declined steadily in the first four years (2000 – 2004), indicating a shrinking
in countries’ distribution as demonstrated by a sigma convergence at a rate
of 18.4 percent. From 2004 through 2005, the trend is broken as suddenly
countries experience negative sigma divergence; however, the trend returned
from 2005 to 2009 with a sigma convergence rate of 20 percent per year.
According to the Theil index, African countries experienced sigma
convergence in mobile penetration at a rate of 10.22 percent per year.
Compared with the results achieved when the coefficient of variation was
applied, two observations can be made. First, similar to what was observed
in fixed line penetration, both methods show that sigma convergence was
increasing among countries, that is, the distribution of countries became
narrower, as those countries that were left behind are catching up. Second,
the Theil index shows a rate of sigma convergence that is faster (10.22

























percent). Third, interestingly, the negative sigma convergence spotted by
Theil index was not detected by the coefficient of variation.
The percentage of Internet users shows an interesting pattern of sigma
convergence when measured using the Theil index. In the first three years,
Theil index drops, implying a sigma convergence among African countries at
a rate of 19 percent per year from 2000 to 2003. From then on, the trend
reversed as the distribution of African countries with regard to the
percentage of Internet users dispersed in all years between 2003 and 2009,
with exception of a stagnant period between 2005 and 2007 where the
distribution remained essentially the same. According to the Theil index, the
distribution of countries’ Internet penetration increased significantly, shown
from a negative sigma convergence at a speed of 72 percent per year for the
entire study period. Comparing these results with those obtained from
applying the coefficient of variation offers an interesting observation. In
terms of the direction of sigma convergence, both methods show an
increasing sigma convergence in the first three years following 2000. While
the coefficient of variation shows sigma convergence continuing to increase
at a slower pace in all years with a minor reverse in the 2007 – 2008 period,
the Theil index reverses sharply after 2003, a trend which continues in most
years until 2009. This discrepancy is likely due to the effect of a country’s
population vis-a-vis the total continent population. Most likely, a few
countries have rapidly increased the percentage of Internet users, while the
rest continue to have low penetration rates, resulting in increasing
dispersion among countries and the continent at large.
Given the stagnant penetration of fixed lines in African countries at
approximately 2 percent in the period of study, it is not surprising that
sigma convergence among countries was not experienced meaningfully in the
first five years of the study, and that the average sigma convergence per year
throughout the period of study was only 0.7 percent. On the other hand, the
number of mobile subscriptions in the 30 African countries increased almost
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13-fold during the period of the study. Consequently, countries have
experienced greater catch-up convergence in mobile subscription; in fact,
most mobile connectivity represents the highest level of sigma convergence.
This implies that sigma convergence is likely to occur when the penetration
of technology grows, and likely to remain the same, or change only
marginally, when penetration levels remain stagnant.
(b) Beta convergence
Table 6.6 provides the results of beta convergence based on the Wilcoxon
signed Rank test for three forms of telecommunications: fixed lines
penetration, mobile penetration and percentage of Internet users. The null
hypothesis in this analysis (H0) stated that there is no beta convergence
among the countries between the base year and the year i, whereby i stands
for the years following 2000 up to 2009.
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Table 6.6 - Results on measures of β convergence in penetration rates of main lines, 
mobile subscriptions and Internet users per population using Wilcoxon Z (compared to
2000)




Internet users per 100
persons
2000 - - -
2001 3.199 R,** -4.541R,** -4.784 R,**
2002 -4.703 R,** -4.783 R,**
2003 2.4 R,* -4.703 R,** -4.782 R,**
2004 2.51 R,* -4.782 R,** -4.782 R,**
2005 2.585 R,** -4782 R,** -4.782 R,**
2006 2.52 R,** -4.782 R,** -4.782 R,**
2007 3.003 R,** -4.782 R,** -4.783 R,**
2008 3.034 R,** -4.782 R,** -4.782 R,**
2009 3.116 R,** -4.782 R,** -4.782 R,**
R,** means that the H0 hypothesis can be rejected at the 0.01 level, R,* means that the H0
hypothesis can be rejected at the 0.05 level
As it can be seen, based on the Wilcoxon signed rank coefficient Z, the null
hypothesis was rejected for all forms of telecommunication services in the
study; however, with varying degrees of significance. For fixed lines, the
Wilcoxon signed rank coefficient depicts a presence of beta convergence
between the base year and all years characterized by a weak statistical
significance in the early years (2002,2003,2004), while beta convergence is
statistically more significant in the latter period of the study (2005 to 2009)
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compared to the base year, 2000. This shows that countries changed their
rankings with statistical significance in later years, thus indicating that
countries with initially low levels of fixed line penetration have managed to
attain higher levels of fixed line penetration. However, these results should
be taken with caution due to the stagnant levels in the penetration of fixed
lines across the continent, suggesting that the technology has failed to
become a mass consumed form of telecommunications access in Africa.
On the other hand, for both mobile penetration and the percentage of
Internet users, the null hypothesis has been rejected at the highest level of
statistical significance in every year of the study. While the trend is the same
for both mobile penetration and the percentage of Internet users, the trend is
much stronger for the penetration of the Internet. This can be asserted as
the values of Wilcoxon signed ranked Z in the growth of Internet users is
higher and closer to the upper boundary ranging from -4.782 to -4.784 across
the entire period of the study. This trend is likely due to the newness of
Internet technology in the African markets during the period covered in this
study whereby in the initial stages of the Internet technology penetration
began at 0.1 percent in 2000, and went up to 7.3 percent in 2009. As
countries start from a weak base with regard to the percentage of Internet
users compared to penetration of mobile services, leading countries were not
firmly established and the ranking experienced greater shifts. On the
contrary, as mobile telecommunication services expanded in the African
continent from 1.4 percent to 38.4 percent in the period from 2000 to 2009,
the difference between leading countries and lagging countries narrowed.
Table 6.7 presents the results of beta convergence calculated using OLS
regression. Models III and IV provide the estimation of beta convergence for
fixed line penetration, models V and VI provide similar results for mobile
penetration and models VII and VIII present results for the percentage of
Internet users.
211
Table 6-7 - OLS regression results of beta convergence on penetration of
telecommunications services in African countries
MODEL III IV V VI VII VIII
Dependent variable Average growth
































































R-squared 0.03 0.24 0.67 0.91 0.43 0.51
N 30 30 28 28 30 30
Notes: Figures in the brackets are t-statistics, and ***, **, * represent statistical
significance at the 0.01, 0.05, 0.1 level respectively.
As depicted in the results of models III and IV, African countries experienced
beta convergence in both the first half of the study period (Model III) as well
as when taking the entire study period into account. Further all models show
that beta convergence was evident among countries at a statistically
significant level (1 percent). However, the speed of beta convergence,
indicated by the coefficient of the log of initial penetration rate
(log_mobile_penetration_2000) in the equation, was low in the first half
compared with the entire study period. This reveals that the growth rate of
fixed line penetration of the countries with initially high penetration has
slowed down to the same pace as the countries with initially low penetration
rates. These results coincide with the results from the Wilcoxon signed rank
test, showing the countries have beta converged in ranking as well as in
growth speed. Nevertheless, caution should be taken when interpreting
these results since the penetration of fixed lines in Africa has never exceeded
2 percent throughout the period. In fact, the penetration of fixed lines in
Africa has been bouncing between 1.4 percent and 2 percent. The change in
ranking and growth rate might be explained by the gradual abandonment of
fixed lines, as those countries which had relatively high levels of fixed line
penetration abandoned the fixed line technology faster than the countries
with initially low penetration.
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The results of models V and VI show that African countries experienced beta
convergence in the penetration of mobile services in both the first half of the
study period as well as the entire period. The results of both models show
statistically significant results for the penetration variable
(log_mobile_penetration_2000). The robustness of the results increases for
model VI, which includes the entire period under study. Contrary to the
results in models III and IV, models V and VI show that beta convergence for
the penetration of mobile services was faster in the first half of the study
period compared to the entire period. Since penetration of mobile services
was at its fastest in the in the initial period of 2000 to 2005, during which the
continent experienced the highest cumulative annual growth rates in mobile
services, countries seem to have stabilized as the country markets approach
saturation. Nevertheless, the results of models V and VI depict that, with
regard to mobile penetration in Africa, countries that had low initial
penetration rates of mobile services are growing faster than countries that
had higher initial penetration rates. Further, while the trend is observed
throughout the study period, the pace is slowing towards the final year
compared with the faster leapfrogging of the initial years. Hence, in terms of
beta convergence in mobile services, the OLS validates the results obtained
through the Wilcoxon signed rank test.
Lastly, the results of models VII and VIII, also presented in table 6.7, show
that African countries experienced beta convergence in the percentage of
Internet users, and have grown faster than countries that had initially high
percentage. Hence, leapfrogging took place, meaning that countries with
initial low growth rate have overtaken those that had high initial high
growth percentage of Internet users. Beta convergence occurred in both the
first half of the study period (2000 – 2005) and in the entire period (2000 –
2009). In both models, the main coefficient is statistically significant. Since
r-square value of Model VII (2000 – 2005) is 0.43 and that of Model VIII
(2000 – 2009) is 0.51, the rate of increase of the Internet Users was greater
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in the latter half of the period 2000 - 2009. Further, similar to models III and
IV for the penetration of fixed lines, beta convergence in the entire period
grew faster than that of the first half of the study period. With regard to the
percentage of Internet users, the results of the OLS regression affirm the
presence of beta convergence in the African countries shown by the Wilcoxon
signed rank test. Thus, at statistically significant levels, countries that had
initially (in 2000) a lower percentage of Internet users have gotten more
users faster, meaning they leapfrogged, than countries that were having
initially a higher percentage in Internet users.
Summarizing the results of beta convergence measured by the Wilcoxon
signed rank test and OLS regression across the three telecommunications
services – fixed lines penetration, mobile penetration, and the percentage of
Internet users – in the African continent, both methodologies show that
countries experienced beta convergence. This implies that countries have
experienced leapfrogging, as evidenced by the statistically significant change
in the penetration rankings of each year against the ranking observed in the
base year for all forms of communication, with weak evidence in fixed line
penetration. In the same vein, due to stagnation, the beta convergence
observed in the penetration of fixed lines in African countries should be
interpreted with caution.
6.6 Discussion
The results of the analysis show that in terms of efficiency in the
telecommunication industry, countries managed to “sigma-converge”
between 2000 and 2009. That is, countries that were less efficient have been
able to catch up to the more efficient countries at a rate of 1.1 percent per
year. In the case of the adoption of the growing telecommunication services,
namely mobile subscription and Internet services, higher catch-up pace was
observed among countries, at an average rate of 7.6 percent and 4 percent
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respectively. Comparing the rate of average sigma convergence between
industry efficiency vis-a-vis the adoption of the most thriving services –
mobile and Internet – sigma convergence grew slower in terms of industry
efficiency compared with mobile services penetration and Internet usage. In
other words, countries managed to reduce their differences in terms of
penetration rates of mobile and Internet usage at a faster rate. The trend
was inconsistent and slower in terms of the industry efficiency catch-up of
the less efficient. This suggests that the prevailing telecommunications
policies adopted by countries in the African continent have managed to lower
the gap among each other in terms of penetration of telecommunication
services; however, the gap has been declining rather slowly and
inconsistently with regard to the efficiency of the telecommunications
industry.
Further, the sigma convergence results for mobile penetration and
percentage of Internet users reveal a somewhat interesting pattern. Starting
from the low base of only 141 million Internet users, over the period studied
Internet users grew almost 26-fold. In fact, Internet connectivity was the
fastest growing service among all forms of telecommunications services in
the study. In terms of mobile adoption, in 2009 mobile subscriptions were
13-fold the number of mobile subscriptions in 2000 – fast growth but not as
fast as in Internet usage. Contrary to the growth trend in these two
telecommunication services, countries experienced lower average sigma
convergence per year in terms of Internet users compared with mobile
subscriptions. More specifically, countries experienced an average of 7.6
percent growth of sigma convergence per year with regard to mobile
subscriptions, compared with only 4.04 percent with regard to Internet users.
This suggests that although African countries have experienced the fastest
growth in terms of Internet usage among other telecommunication services,
the highest level of sigma convergence was experienced in mobile
penetration. Thus, the increase in Internet usage was only concentrated in
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few countries, most likely in the well-developed ones. On the other hand, the
growth of mobile subscriptions was likely a result of high growth in less
penetrated countries as they caught up to the countries with already
developed telecommunications industries. This does not imply a lack of
technological catch-up with regard to Internet usage, but rather a slower
pace compared to the catch-up experienced in mobile subscription.
The presence of beta convergence in the group of DMUs suggests changes in
the rankings of countries that help identify the best practices within the
group. Identification of these countries is imperative for policy makers from
countries with similar socioeconomic and telecommunications industry
characteristics – since these best practices can be studied and adopted by the
less performing countries. Based on the statistical evidence, this analysis
shows that countries have experienced strong beta convergence in mobile
and Internet usage, weak in fixed lines and almost none in efficiency scores
from 2000 to 2009. This implies that countries that originally had the best
practices in terms of their telecommunications sector efficiency continued to
do so throughout the study. However, in terms of penetration of Internet
usage and mobile adoption, countries have exhibited changes in rankings.
Hence, leapfrogging or beta convergence was evident in mobile penetration
and Internet usage. Leapfrogging was only experienced in fast adopted
technologies, where countries which previously had less penetration in
mobile services and Internet usage overtook the originally best performing
countries, thus providing new opportunities for policy makers in countries




In conclusion, the results of this study suggest three main implications
concerning convergence of industry efficiency and adoption of
telecommunication services. First, more emphasis should be given to policies
that can improve catch-up in efficiency among countries, hence reducing the
gap between the less efficient countries and efficient ones. Second, despite
the fact that Internet usage presented the highest growth rate on the
continent, beyond any other telecommunication service, in the study Internet
usage seems to be concentrated in a few countries, at least as compared with
mobile subscriptions. Thus, a similar policy emphasis should be
recommended to improve adoption of Internet services across all countries in
the continent, especially those lagging behind. Lastly, as the industry
progresses, the list of countries that adopt good practices has not been static.
Therefore, in addition to internal initiatives, policy makers in the lagging
countries can benefit by identifying new leading countries with similar
socio-economic characteristics and can adopt appropriate and replicable
policies to enhance their owned telecommunications markets.
Having analysed the trends in convergence of efficiency in the
telecommunications industry and subsequent adoption of the main
telecommunication services – fixed lines, mobile and Internet – further
research can be conducted to understand the determinants of efficiency in
the telecommunications markets of the African continent. Such a study will
further shed light on specific policy options, especially for less efficient
countries.
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Chapter 7: The determinants of Productivity
Growth in the African Telecommunications
Industry
7.1 Introduction
Countries with highly productive industries are expected to create a greater
surplus in terms of higher value added and efficient utilization of labour and
capital. The created surplus is distributed to consumers in terms of lower
prices, to employees in terms of higher remuneration and to owners in higher
profits, which in turn spur consumer demand and further investment. Thus,
it is in the interest of policy makers, producers, and consumers, to create an
environment that allows growth in sector productivity so as to foster
socio-economic growth.
This chapter builds on chapter five, which found that the African
telecommunications industry experienced productivity growth in the decade
after 2000. Chapter six, which consequently analysed convergence in
efficiency of the African telecommunications industry, found that countries
have experienced positive convergence, albeit at a slow pace.
Furthermore, section 4.4 introduced the benefits of productivity as increase
in GDP and income at the economy level. At the industry level productivity
helps to improve competitiveness, and for the telecommunications industry
this also means increased output to meet the universal service obligation.
Additionally, productivity growth results in cheaper products for consumers,
and therefore profitability, which increases the sustainability of the business.
Also, as firms become more profitable, the owners or investors gain more
profits and workers receive higher wages.
219
Given this myriad of benefits of productivity growth, the question becomes,
what are the appropriate strategies to increase productivity among country
markets. This question is of paramount importance to policy makers,
academics and practitioners alike. Therefore, this chapter attempts to
answer the question,
What are the determinants of productivity growth in telecommunications
industry among African countries?
The rest of the chapter is arranged as follows. Section 7.2 highlights the
relevant literature surrounding the subject; section 7.3 describes the
methodology, comprised of data description and econometric model
specification. Section 7.4 presents the results and finally section 7.5 provides
the discussion and conclusion.
7.2 Related Previous Studies
There is an increasing body of empirical studies that have focused on the
determinants of productivity growth in the telecommunications sector. Most
of these studies are motivated by several reasons, including the increasing
role of the telecommunications sector in the economy, the industry’s unique
position as a forerunner in regulated utility industries, where policy makers
have tested various policy tools, and lastly, the rapid advancement of
technology compared with other industries. This section highlights the main
themes in the literature as the telecommunications industry has evolved
from domination by state-owned incumbents to the current state where
private participation and competition are present in many countries. The
first sub-section begins with the studies that investigated the determinants
of productivity growth within country boundaries, particularly on legacy
incumbent operators, focusing on various policies such as price regulation
and privatization, as well as market structure characteristics such as
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competition. The following sub-section reviews studies that focused on the
determinants of productivity growth from an international perspective.
Acknowledging the richness of the literature in productivity growth in the
telecommunications industry, the discussion in this section is restricted to
studies that not only determined productivity growth but more importantly
examined factors influencing said productivity change at firm level or the
sector at large.
In the early years, the incumbent state-owned telecommunications operators
were the most dominant players in the industry; thus, most studies
investigated the determinants of productivity change in the incumbents.
Determinants studied were, for example, the effects of different price
regulation regimes on the incumbents’ productivity. One of the first studies
was done by Denny, Fuss, and Waverman (1981) who examined the
productivity growth of Bell Canada from 1952 to 1976. Their study showed
that actual productivity growth was 1.38 percent; however, it could have
been 3.35 percent. The study attributed the slow growth in productivity to
the rate-of-return (RoR) which did not incentivize Bell Canada to improve its
productivity. Roycroft (1999) analysed the Ameritech companies in the
United States of America for the period 1990 – 1997. This study went
farther by investigating the effects on productivity change when the pricing
regulation regime changed. More specifically, the study analysed
productivity growth as regulation shifted from rate-of-return to price cap
regulation. The results of this study show that generally, productivity in
Ameritech grew between 2.6 percent and 4.2 percent. Further pricing policy
change from RoR to price cap induced a productivity growth of
approximately 4.5 percent annually.
Similarly, away from North America, Lam and Lam (2005) investigated the
productivity growth of the Hong Kong Telephone Company (HKTC) from
1964 to 1998 as the firm changed pricing policies between rate-of-return and
price cap regulations. The study found that HKTC experienced
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approximately 2.31 – 3.56 percent productivity growth per year in the period
under investigation. Further, similar to Danny, Fussy and Waverman (1981)
and Roycroft (1999), rate-of-return regulation slowed the productivity
growth experienced by incumbent operators. More recently, a similar study
by Hasali and Yawe (2011), focusing on the Ugandan mobile
telecommunication industry, investigated productivity changes in all mobile
operators. Their results showed that productivity in Uganda’s mobile
telecommunications industry grew by 4.6 percent between 2001 and 2006;
again the growth is attributed to price cap regulation.
Following the change of regime in incumbent operators from state-owned to
privatization, research changed direction to determine how privatization
affected productivity. At this time, apart from the United States, competition
in most countries was still very weak. Therefore, there was no rationale for
investigating competition effects. Sueyoshi (1998) investigated the effect of
the privatization policy on Nippon Telegraph and Telephone (NTT), which
was among the first companies to be privatized in 1985, just after the United
Kingdom’s British Telecom. The study covered the period 1953 to 1994. The
study found that NTT experienced significant productivity growth after
privatization. However, Sueyoshi comments that privatization of NTT did
not realise necessary reforms on the company’s cost structure due to the
Japanese business environment; the author argues that further reforms
could have yielded further productivity gains.
As reforms deepened, and multiple telecommunications operators appeared
in the markets, more studies were carried out to understand the effect of
competition in the industry. Yoon (1999) studied the effect of liberalization
policy, especially competition regulation, on Korea’s telecommunications
industry for the period 1975 – 1995. The study found that the productivity of
Korea Telecom (KT) - the incumbent - grew by 6.9 percent annually for the
period under investigation. The author attributed this improvement to the
increasing competitive pressure to the incumbent, forcing the incumbent to
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avoid unneeded spending and choose technologies more carefully. Further,
KT benefited from the systematic government reforms that allowed KT to be
separated and operated as an independent corporation with clear
performance goals. On the other hand, Gort and Sung (1999) studied the
effect of competition on productivity growth on the United States telephone
industry, particularly AT&T Long Lines in the long distance market, and
monopolies in local telephone markets. The analysis covered the period from
1952 to 1991, divided in four different periods: no competition, transition
period, competition, and after divestiture. The study found that the industry
experienced approximately 4.2 percent productivity growth over the period.
After the divestiture periods recorded the highest productivity growths of 5.7
percent and 6.8 percent respectively. Further, AT&T Long Lines, which was
operating in rather a competitive environment, experienced a higher
productivity growth of 4.3 percent, compared with 2.5 percent achieved by
local monopolies over the whole period. The studies implied that competition
induces more effective use of capital, resulting in productivity growth.
While some studies focused on specific aspects of the telecommunications
industry, such as privatization or competition policies, other studies have
taken a general view on the policy reform as a policy package. Thus, they
analyse productivity changes before and after implementation of
liberalization policies. Rushdi (2000) analysed the productivity growth of
Telstra, the Australian incumbent, from 1980 to 1997. In Australia
liberalization policies were effectively adopted in 1992. The study found that
for the period 1980 – 1991 (pre-liberalization) productivity growth was 4.9
percent per annum; however, in the period 1992 – 1997 (post-liberalization)
Telstra more than doubled its productivity growth to 10.1 percent. In the
whole period under investigation, Telstra productivity growth was
approximately 6.5 percent. Oniki, Oum, Stevenson and Zhang (1994)
conducted a similar study to analyse the performance of NTT, the incumbent
operator in the Japanese telecommunications market, for the period 1958 –
223
1987. NTT attained annual productivity growth rate of 3.4 percent. For five
years before liberalization (1977 – 82) productivity growth of NTT was the
weakest recording only 0.26 percent annually, while five years after
liberalization NTT’s productivity growth rate was 5.12 percent. In fact, it is
widely agreed among telecommunications academics, policy makers and
practitioners that liberalization policies, including privatization of the
incumbent operator, and competition steering policies, such as unrestricted
entry regulation, spur productivity growth in the incumbent operator, with
the same implication for the industry as a whole.
A large portion of the research mentioned this far has been on productivity
growth within national boundaries, mainly because in the pre-reform era
telecommunications markets were highly nationalized. The post-reform era
has witnessed consolidation of telecommunications markets beyond national
boundaries, both in transnational regulatory frameworks such as the
European Union, as well as international business operations, especially in
terms of mobile networks and connectivity to international information (fibre)
superhighways. This phenomenon has given rise to studies that take an
international viewpoint of productivity growth to investigate how different
policy choices by countries affected productivity change of their firms and the
industry at large. This chapter falls in the same line as these studies.
Lien and Peng (2001) examined the effect of competition on the production
efficiency of telecommunications in OECD countries. They used country data
from 1980 to 1995. Their study found that the countries with the most
competitive markets, the United States followed by Japan, experienced the
highest productivity gains; the same was true for operators in competitive
markets. More recently, Usero and Asimakopoulos (2013) conducted a
similar study examining productivity growth in Europe’s 23 leading mobile
operators from 2008 to 2009. Similarly they found that operators working in
competitive markets had high productivity growth compared with their
counterparts, and furthermore that international mobile operators benefited
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from economies of scale thus had higher productivity growth than their
national competitors.
Madden and Savage (1999, 2001) took a global picture by analysing
productivity growth and market structure in the telecommunications
industries of 74 countries from all continents for the period 1991 – 1995. The
studies found that productivity in Africa and the Western Hemisphere was
regressing at 3.7 and 11.9 percent respectively, while productivity growth
was enhanced in other regions. The studies found that digitalization of the
network and cross-subsidization dampened productivity growth; however,
privatization and competition provided a favourable environment for
productivity growth. More recently, a Lam and Shiu (2010) study examined
productivity growth and telecommunications development in 177 countries
from 1980 to 2006. Their results show that productivity grew in all regions,
led by the middle income countries in Central and Eastern Europe. Further,
countries with privatization and competitive markets performed better in
terms of productivity growth, however, the highest influence was found to be
penetration of mobile telephony, especially in middle and low income
countries.
From the literature review, it can be clearly seen that there is a lack of work
on the determinants of productivity growth in African countries. This
chapter serves as the continuation of the inquiry into the productivity and
efficiency of the African markets. Further, it contributes to the existing
literature by filling a gap by exclusively analysing the determinants of
productivity growth exclusively to African countries, a piece of information
which, to the author’s knowledge, is not readily available.
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7.3 Econometric Model and Data
7.3.1 Model Specification
In order to examine the environmental factors affecting productivity change
in the African telecommunications industry, a regression analysis was
conducted. Following the wave of liberalization and introduction of
international network operators, this section empirically tests how
productivity growth responds to the increase of output, liberalization as
depicted by the presence and regulatory experience of the national
telecommunication regulatory authority and changes in market structure as
competition is induced by international telecommunication operators (Moshi,
Mwakatumbula and Mitomo, 2013).
Liberalization of the telecommunications industry indicates the
government’s commitment to make the necessary reforms to attract private
sector participation in the market. It shows a market-oriented environment,
which is arguably the necessary market structure for productivity growth. In
fact, Fried, Lovell and Schmidt (2008) stress that the main purpose of
adopting liberalization policies is to attract the private sector to the
predominately state-owned telecommunication industry in order to increase
productivity, which was lagging in public telecommunications firms. Almost
all studies have indicated that liberalization and presence of effective
regulation lead to a more developed (Gutierrez and Berg, 2000) and efficient
industry. Especially in developed countries where the telecommunications
industry has traditionally been inefficient (Madden and Savage, 2001),
liberalization policies were not only important to increase the industry’s
efficiency, but also to attract the highly needed capital to jump-start the
industry.
Competition reflects the market structure effects on productivity growth in a
country despite the technology deployed by the firm. Even though the state
might have liberalized its telecommunications market, lack of competition is
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likely to have established a private-owned monopoly. Levy and Spiller (1994)
argue that competition forces the firms to minimize costs and engage in
profit maximizing activities, which result in more efficient operations.
Competition in the telecommunications sector can take the form of price
competition or product and services competition (Falch et al., 2003). Unlike a
mandatory obligation in the pre-reform era of the telecommunication
industry where state-owned incumbents were struggling to provide services
to the public, even when they made losses, competition in liberalized
markets forces firms to be both efficient and innovative by creating
affordable services and expand their network even to previously unprofitable
regions and/or customers.
The level of output provides the extent of demand available for the firm to
exploit before its growth is constrained. More precisely, firms capturing
economies of scale are in theory more productive due to decreasing unit cost
as the output increases. This is especially apparent in the
telecommunications sector due to the high fixed cost required for installation
of network infrastructure to guarantee connectivity capacity even before
customers subscribe to the service. As customers using the network
increase, the cost of communication decreases, the rate of return on
investment increases, and the firm becomes more productive (Ng, 2012).
More importantly, the change in output indicates whether the
telecommunications firm or industry is becoming more or less productive.
Even when the cost for the firm increases, if output is growing at a higher
rate compared with that of cost, the firm still benefits from positive
productivity growth. Similar to output, the population of a country depicts
the potential economies of scale, which are dependent on the population size.
Wealth of the country connotes the ability of its people to consume modern
goods and services, including telecommunications and related services.
Further, the wealth of a country indicates efficient allocation of resources
between primitive productive services and modern economic activities,
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particularity service sectors, which are in turn highly dependent on
telecommunications services. According to McMillan and Rodrick (2011),
productivity growth is related to the economic development of a nation.
Lastly, productivity growth is heavily dependent on the available technology,
which changes over time. According to Moore’s law, computer technologies,
which are converging with telecommunications nowadays, continually
become cheaper and more affordable. Further, technological innovations in
the telecommunications industry are among the fastest to spread and be
adopted anywhere in the globe due to the standardization efforts of the
International Telecommunications Union. This means that these
technologies are implemented in the developing world at the same time or
with minimal lag as the rest of the world, due to the presence of large
multinational telecommunications companies which are dominant in African
markets, meaning that a standard time trend can be used to depict them.
Therefore, productivity change can be described by the following equation:
Productivity Change = function (Output, Liberalization, Competition,
Wealth, Population, Time trend)
7.3.2 Data Analysis and Description
The data set used in this study consists of a data panel of yearly observed
data for the period 2001 to 2009 for the 30 African countries listed in table
5-2 on page 158. The dataset was compiled from two international databases;
specifically, the International Telecommunication Union’s (ITU) World
ICT/Telecommunications Indicators, and the World Bank’s World
Development Indicators. The data were cross-checked against other sources,
mainly regulators’ websites and operators’ websites (Moshi, Mwakatumbula
and Mitomo, 2013). As for the dependent variable, the productivity change
values were taken from the results of chapter six.
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In order to measure output growth, three variables were used to represent
different aspects of output. These include revenue in USD at 2000 constant
prices (Q_REV), mobile subscriptions (Q_MOB) and internet users (Q_NET).
These variables are measured in terms of their annual growth rate.
Thus, the productivity change (Malmquist productivity index) can be
expressed by the following equation:
Malmquist productivity indexit = β0 + β1Q_REVit + β2Q_MOBit + β3Q_NETit +
β4COMPit + β5LIB + β6INCOMEit + β7POPULATIONit + β8TIMETRENDit +
εit
where indexit represents productivity growth of ith country at time t, β0
represents constant coefficient, β1 coefficient of Q_REVit, β2 coefficient of
Q_MOBit, etc. COMP is the level of competition, LIB is the measure of
liberalization, INCOME is the GDP per capita of country, POPULATION is
the population (market size) and TIMETREND is used to capture the
technology level of country i, at time t.
The level of competition is represented by the number of international
telecommunication operators (COMP) in each country (ith country) in a
particular year (time t). International telecommunications operators are
telecommunications service operators that operate in two or more countries.
Particularly in Africa, by 2011, about 80 percent of mobile subscribers were
served by eight international mobile operators. International operators are
expected to boost productivity in the countries they operate due to the
transfer of technology and technical know-how across countries through
infrastructure investments and allocation of human personnel. Thus, β4 for
the variable COMP is expected to have a positive sign.
LIB is used as the measure of liberalization based on the assumption that
countries which liberalized their markets earlier have gained regulatory
experience and more efficient organizational setups when compared with
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countries with newly liberalized markets. LIB has a value of 0 for a country
without a national regulatory authority, which changes to 1 when the
regulator is established, and the value increases by 1 each year. Thus, β5 is
expected to bear a positive sign.
Wealth of the population is measured using GDP per capita (INCOME) at
2000 USD prices. Since most wealthy countries have saturated mobile
markets, this variable indicates the level of mobile market saturation. In
classical economics, income tends to positively correlate with productivity
growth. However, most developed countries are experiencing mobile market
saturation, and developing countries have high growth rates which indicate
positive productivity change for poor countries and stagnating productivity
change for developed countries. Thus, the sign for β6 is undecided.
POPULATION measures the market size within national boundaries.
Symeou (2011) argued that countries with small economies, which have
small populations, tend to display increasing efficiency in
telecommunications. However, the relation is a u-curve highly dependent on
government policy.
Lastly, as telecommunications technology tends to advance rapidly over time,
a TIMETREND variable is used to capture the effect.
Table 7-1 shows descriptive statistics for the variables in productivity change,
calculated by the author for the 30 African countries.
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Table 0-1 - Descriptive statistics for variables in productivity change



























0.511 0.55 0 1
LIB Number of
years since












29.48 mil 0.143 mil 155 mil
Note: Nominal monetary variables are reported in 2000 constant USD dollars.
7.3.3 Model Estimations
Generally, the model estimation begins with Ordinary Least Squares (OLS)
regression. For the OLS method to yield consistent and unbiased estimates,
the data analysed should adhere to the Gauss-Markov assumption. Among
Gauss-Markov conditions, homoskedasticity assumes a constant error term
for all independent variables over time, which implies model uncertainty is
identical across observations. Nevertheless, this is hardly observed in real
life models, especially in cross section data like the ones used in this study,
where different countries depending on the magnitude of their parameters
are expected to have varying error terms across time.
V(εi) = E(εi2) =  σε2 = constant (homoskedasticity for OLS)
Another underlying Gauss-Markov condition stresses errors have to be
independently and identically distributed (i.i.d.). Since panel data are used
in this study, they are then very susceptible to serial correlation and
autocorrelation. That is, observations of the same individual over adjacent
time periods are likely to be correlated. Further, errors are likely to result
from clustering effects, which occur when several individuals in the panel
share the same characteristics in one or more parameters across time.
Cov(εi,εj) = E(εiεj) = 0, i ≠ j (i.i.d for OLS) 
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When these two assumptions are violated, that is, errors are correlated and
there is heteroskedasticity, OLS estimates are inefficient and the standard
errors are biased, hence not appropriate. As a remedy to these challenges in
OLS, the Generalized Least Squares method is adopted since it offers an
econometric solution for most of the violations of the Gauss-Markov’s
conditions15. More specifically, Madden and Savage (2001) pointed out that
GLS deals with “within group autocorrelation” and “group-wise
heteroskedasticity” in the panel.
The attractiveness of GLS is the fact that it represents a special case of OLS.
To understand the rationale behind GLS, it is important to return to how
OLS is estimated. With homoskedasticity and uncorrelated errors, the error
covariance can be estimated by a special matrix ∑ = σε2I where I represents
an identical matrix and σε2 represents identical variances in error terms.
This property allows the OLS estimation to equally weight all the
observations to provide unbiased and consistent estimators. Hence allowing
estimation of parameters to be
Cov(bols) = σε2 (X’X)-1.
With heteroskedasticity and correlated errors, meaning ∑ ≠ σε2I, equal
weighting is no longer appropriate. For example, one individual observation
might have a larger error than others, which implies its influence in the
estimation should be reduced; if it is equally weighted as others it will
definitely affect the estimated parameter in its true value. In order to rectify
the violation, GLS introduces an omega matrix, Ω, which attempts to mimic 
the heteroskedasticity error structure and contemporaneously correlated
errors. Thus, the estimated covariate
Cov(bols) = σε2 (X’ Ω-1 X)-1 (for Generalized Least Squares)
Therefore, in the case of an individual observation with a large error term
the omega matrix assigns a lower value, hence lower influence on the
estimator. Further, when there is correlation between the error terms of the
15http://www2.warwick.ac.uk/fac/soc/economics/staff/vetroeger/teaching/po906_week8910.pd
f (Vera Troeger, notes)
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observations, their influence is reduced, thus accounting for the violation to
Gauss-Markov’s conditions16. When the data have homoskedastic properties
and uncorrelated error terms, GLS and OLS result in similar estimates,
which are efficient and unbiased.
7.4 Results
The econometric model is estimated for the sample of 30 African countries
for the period from 2001 to 2009. As indicated in section 7.3 earlier, General
Least Squares are used to estimate the model. Table 7.2 provides the results
of the model estimation for the full sample.
Table 0-2 - Econometric results on the determinants of productivity change
Dependent variable
Malmquist productivity index TFPCH
Independent variables Coefficient
Output (revenue) Q_REV 0.00194*
(0.0007)
Output (mobile subscriptions) Q_MOB 0.00025**
(0.0001)
Output (Internet users) Q_NET 0.00077*
(0.0002)
International Network Operator COMP 0.03999**
(0.018)
Regulation presence and experience LIB -0.00620
(0.0066)









Number of Observations NT 270
R2:between countries 0.49
Note: numbers in the bracket are standard errors, and p-values represent the
statistical significance as * at 1%, ** at 5% and *** at 10%.
The analysis results explain 49 percent of the variation in productivity
changes among African countries over time. The econometric results show
that all three outputs – revenue, mobile subscriptions and Internet users –
are positive and significant to productivity growth in the telecommunications
sector. This indicates productivity growth has clearly benefited from
economies of scale, however at different levels, depending on the number of
subscribers and revenue extracted from each subscriber. More specifically,
telecommunications revenue has the largest positive effect on productivity
growth. This suggests expansion of revenue, meaning that the industry has
been able to either exploit multiple revenue streams through innovative
services or as we will see next, expanded its user base. This is partially
explained by the output in terms of mobile subscribers and Internet users.
Both coefficients for Q_MOB (mobile subscribers) and Q_NET (internet users)
are positively related to productivity growth at 1 percent and 5 percent
statistical significance levels. These results are in accord with the studies by
Ng (2012) and Madden and Savage (2001). Thus, the African
telecommunications industry has been able to reduce the unit cost in its
infrastructure by adding users and revenue. This is not surprising given the
large number of Africans who have become connected through
telecommunications in the decade following the year 2000.
Competition and liberalization indicate the effect of market reforms on
productivity growth in the African telecommunications market. The
coefficient of liberalization (LIB) shows a negative sign; however, it is not
statistically significant even at 10 percent. However, competition (COMP),
which is measured by the number of international network operators, is
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positively related to productivity growth. The coefficient of variable COMP,
β4, has a positive sign, indicative of 3.999 percent contribution for each unit
increase in productivity growth. The result is significant at 5 percent
statistical significance level. The results for competition concur with the
studies by Madden and Savage (2001), Madden, Savage and Ng (2003) and
Lam and Shiu (2010). Madden and Savage (2001) concluded that, as
competition is the result of private involvement in the sector, private capital
is expected to induce short-term productivity gains due to stricter business
operations. The liberalization of the telecommunication market has usually
been a necessary prior condition to competition, although it does not
automatically lead to competitive markets. Thus, the results on
liberalization depict that liberalization without competitive markets is
unlikely to produce productivity gains.
The INCOME variable, which indicates the wealth of a country, shows a
negative relationship with productivity growth. More precisely, the
coefficient for the INCOME variable has a negative sign and is statistically
significant at 1 percent. These are somewhat unintuitive results; however,
similar to Lam and Shiu (2010), they can be understood in that wealthier
countries in recent times have experienced weaker productivity growth
compared with developing countries. There are two most obvious reasons for
these results. First, mobile telecommunications markets, which represent a
large portion of the telecommunication markets, have become saturated in
wealthy countries while the same market segment is currently experiencing
tremendous growth in developing countries. Second, wealthier countries
have invested heavily in data infrastructure networks, which are yet to yield
their full potential in terms of subscription of broadband services and
revenue to the firms. Hence, for the duration of the analysis,
telecommunications industries in the wealthy countries had high unit costs
due to a lack of full-scale utilization of installed data infrastructure, which
imposes short-term productivity stagnation. While poor countries have not
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yet invested in data infrastructure, they benefit from fully utilizing second
generation mobile technologies.
In the case of the population variable, it presents a negative effect on
productivity growth; however, it is statistically insignificant. According to
Symeou (2011), who investigated the effect of economy size on productivity of
the telecommunications industry, the size of the economy does not have a
linear relationship with productivity, showing a U shape. In that regard, the
results in this chapter show that African countries with smaller populations
have experienced higher productivity in the telecommunications industry.
Further, the time trend is positive and significant (β4 = 0.04781 and p<0.01),
which shows that productivity has benefited from advancement of technology
over time.
7.5 Discussion
This study attempted to investigate the determinants of productivity change
of the telecommunications sector in a sample of 30 African countries between
2000 and 2009. In particular it examined policy environment determinants
for productivity growth using an econometric model.
The results show that increase in output, especially revenue, is crucial for
boosting productivity growth. This result implies that African countries can
further increase their productivity by increasing revenue, especially revenue
from mobile telephony users, by utilizing the available infrastructure. By
2009, 60 percent of the African population was covered by mobile
telecommunications signals (Aker & Mbiti, 2010), whereas mobile phone
penetration was only 45.2 percent. Henceforth, the African countries,
especially low income countries – most of them with low penetration levels of
telecommunications services – can further gain productivity growth by
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increasing penetration of the telecommunication services on the
signal-covered population (Moshi, Mwakatumbula and Mitomo, 2013).
Perhaps the most interesting result of this study is the role of competition as
expressed by the number of international network operators in each country.
As the number of international operators increases, competition in
individual markets intensifies, leading to better and more affordable services.
Second, international operators gain from bulk discounted deals from
equipment suppliers, hence lowering investment costs; and third,
international network operators can easily apply managerial techniques,
strategies and experience gathered from other markets in their new markets.
When more capable and strategic operators are operating in a particular
market, competition is likely to intensify, leading to increased penetration of
telecommunications services and improved overall sector productivity. Thus,
the study suggests that effective competition policy can improve productivity
and create greater value (Moshi, Mwakatumbula and Mitomo, 2013).
In conclusion, the African telecommunications industry improved its
productivity levels between 2000 and 2009; most of the productivity growth
resulted from competition and increase in mobile services subscriptions. The
results imply that African countries can further improve productivity in
their telecommunications sectors by allowing competition and encouraging
the participation of strategic international network operators. As for
countries such as Ethiopia, which are yet to liberalize their market but have
invested extensively in the industry (Boron, 2010), liberalization of the
market and introduction of competition can bring the innovation push
needed to improve productivity and unlock uptake of telecommunications
services.
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Chapter 8: Major Findings, Policy Implications and
Conclusion
In the previous chapters, empirical analysis was conducted to determine
efficiency and productivity changes in the African telecommunications
market in the post 2000 era, using primarily the Data Envelopment Analysis
technique. This chapter presents the main findings from the empirical work,
and the policy implications that can be drawn from the results. The
consolidated empirical results are first described, and then the research
findings are explained as well. In addition, policy implications are drawn
with relevant insights for African countries to improve the industry’s
efficiency and productivity. The contribution of the thesis in the literature is
also explained and limitations of the study are pointed out. Lastly, the study
ends with the author’s thoughts on future research.
8.1 Major Findings
The results from the analysis of productivity growth show that the African
telecommunications industry improved at an average of 23 percent per
annum. In the early years, especially 2000 – 2002, the continent experienced
its lowest productivity growth, at below 10 percent; however, the rate of
improvement increased as the years went on. This is most likely due to the
fact that, in the early 2000’s most African countries were still in the process
of policy changes and only a few had completed the liberalization process or
managed to attract capable mobile investors. However, in the following years
as liberalization became the norm in the continent, and investors became
acquainted with operating telecommunications networks in Africa,
productivity grew faster. When the source of productivity growth was
analysed, it was found that African telecommunications experienced positive
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technological growth by an average of 18.7 percent per year, while
managerial efficiency growth suffered at an average of approximately 2
percent annually. These results were further verified by results from the
calculation of the cumulative productivity growth over the period under
study.
The first major finding: African countries have significantly improved
productivity in the telecommunications industry, however, it should be noted
that the improvement only has been due to the Technological Change (TC)
while Managerial Efficiency Change (EC) recorded a negative growth. This
negative growth in Managerial Efficiency Change (EC) was caused by
decline in the ability of the sector to exploit Scale Efficiency Change (SEC),
while the performance in organization, management and innovative
utilization of the technology as measured by Pure Efficiency Change (PEC)
remained stagnant. The elevated importance of technological impact in the
efficiency of African countries is due to several reasons, mostly related to
global development structures in the telecommunications markets. First,
African countries do not invest heavily in development of
telecommunications technology; hence, they do not bear the cost of
developing new technologies, nor do they face the risk of developing
alternative technologies that end up not being used. Second, since Africa is a
lagging region for a few years after the global launch of most technologies, it
has benefits from adopting the best technology depending on the best
practices drawn from the forerunners. For example, most African mobile
operators adopted GSM technology after it had already prevailed, and
likewise, due to Moore’s law, by the time African countries adopt a particular
technology, it is already in mass production, and prices have already begun
to decline.
When analysing which countries had higher productivity growth, it was
approached in relation to the level of economic development. This is because
productivity growth highly depends on the initial stock in factors of
240
production, which tends to differ between countries of different economic
development. This is important when comparing countries, especially for
policy recommendation; social economic situations should be reasonably
comparable in order to draw meaningful recommendations. The best
performing countries for the low income countries category were Niger and
Kenya, which recorded an average productivity growth of 64 and 30 percent
per annum respectively; while other countries in the category registered 23
percent per annum. For low-middle income countries, the best performers
were Nigeria and Sudan, which posted an average productivity growth of 36
and 30 percent per annum respectively, while other countries in the category
improved 21.5 percent per annum. Lastly, for upper-middle income countries,
South Africa and Botswana were found to have performed better than others,
with average yearly productivity growths of 19.3 and 18.6 percent
respectively, while the category improved at an average of 6.9 percent per
annum.
The second major finding: During the period under study, productivity in the
‘lower income,’ and ‘middle and lower income’ categories experienced
phenomenal growth while the ‘upper-middle income’ category, which is the
wealthiest category of African countries, grew at only a third of the first two
groups. Perhaps this is due to the saturation of mobile services in wealthier
countries while poorer countries began from the weak base of
telecommunications services and had room to grow, not to mention that the
technology became available in these countries only recently compared with
the wealthier ones. Bearing in mind that wealthier countries in Africa have
already attained saturated mobile markets, this finding depicts a desirable
characteristic in that countries with marginalized economies are improving
productivity in telecommunications at a faster rate. This indicates
improvement in the sector, and shows that the gap between countries in
terms of development of the telecommunications industry has been reduced.
241
As for catch-up convergence in the efficiency of the industry among countries,
which measures whether countries that were lagging behind at an earlier
period are nearing those countries which were leading, the study found that
African countries show positive convergence, converging at 1.48 percent per
year, when accounting for differences in population, which can be substantial
in Africa.
The third major finding is that, in the African telecommunications industry
there is a positive convergence in efficiency scores, although at a small pace.
This finding is congruent with the second point, which showed that countries
which were lagging behind at an earlier time, mainly in the low income
category, have come closer to the best performing countries in terms of
efficiency, implying the presence of catch-up convergence. The frontier for
efficiency has not significantly changed, and there is opportunity for
countries which are not currently on the frontier to improve and move close
to the frontier in the future.
In the case of convergence in the penetration of telecommunications services,
it was found that fixed line penetration recorded only 1.6 percent
convergence, the most inactive catch-up convergence in comparison with
convergence in penetration of other telecommunications services. Mobile
penetration recorded the fastest catch-up convergence among African
countries at 7.6 percent per annum, which shows there was growth of mobile
subscribers in the previously less penetrated countries. Last in terms of
catch-up convergence, in Internet usage there were somewhat contradicting,
yet meaningful results. Measuring the general trend on Internet
penetration in Africa, catch-up convergence using the conventional
coefficient of variation was found to be 4 percent per annum. However, when
corrected for population using the Theil index, catch-up convergence was
positive from year 2000 to 2003, conversely, it turned sharply to a negative
catch-up convergence from 2003 to 2009; marking 2000 to 2009 as a period of
catch-up divergence. Thus, these results indicate that while there was
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catch-up convergence in penetration of the Internet among African countries,
it was highly concentrated in a few countries which added a large number of
Internet users.
The fourth major finding: the divide or dispersion between countries has
significantly been reduced, especially in mobile communications, as leading
countries such as South Africa, Egypt, Namibia and Mauritius have reached
mobile saturation with penetration at or close to 100 percent, while countries
with previously low penetration are experiencing growing mobile user base.
In this regard, mobile telecommunications are playing a critical role in the
reduction of the digital divide in African countries. However, a different
trend has been observed concerning Internet usage among countries. The
adoption of the Internet is highly concentrated to a few countries such as
Egypt, South Africa, Kenya and Nigeria, which also have the most rapidly
increasing numbers of Internet users.
Overall, four factors were found to influence productivity growth in the
African telecommunication industry. Two of these factors are income and
technology advancement. These results concur with what was revealed
earlier in the analysis. In particular, income was negatively correlated with
productivity, which indicates that countries which had higher economic
development experienced slow productivity growth in accordance with the
above finding. Further, productivity growth was positively correlated with
technological advancement. Again, this is in line with the third point, which
stipulated that while the African telecommunications industry has
experienced positive productivity growth, that growth has primarily been
due to technological change, meaning the deployment of advanced
technologies. The results of the remaining factors are explained below as
independent findings.
The fifth major finding: Competition in the telecommunications market
positively influenced productivity growth. In fact, a necessary condition for
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competition is liberalization, together with the availability of a mechanism
to regulate the market since telecommunication is a public utility industry.
Usually competition stimulates efficiency through cost cutting of
unnecessary expenditures in firms, creation of new and better services for
the served markets and venturing into other markets. Further, competition
forces service providers to reduce prices, which in turn increase usage by the
existing customers, and allow adoption of the service by a bigger user base.
This is especially true in Africa with extremely price sensitive users as
Africans spend the highest percentage of their income on telecommunication
services compared with other regions (ITU, 2011). Therefore, policy reforms
that include introduction of competition in the telecommunications market
have contributed to an increase in the industry’s productivity.
The sixth major finding: an increase in output, particularly mobile
penetration and Internet usage, positively affects productivity growth. Of
these two, increase in Internet usage had the largest influence on
productivity growth in the African telecommunications industry. Similar to
the findings by the World Bank (2009), higher broadband penetration and
Internet usage result in larger spill-over effects into the economy compared
with other forms of telecommunications. High speed Internet access
improves society’s ability to create new businesses, increase employment and
provide better services. Further, the Internet has extended markets beyond
the physical boundaries of the firms and has allowed new businesses to
thrive on the era of globalization. Although it is difficult to empirically
quantify, the merits of telecommunications are not strictly economic; social
services also can benefit, as governments can easily share information,
educate their citizens or engage them in decision making. Thus, as these
social and economic activities increase based on the particular level of
telecommunications infrastructure, productivity growth also increases.
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8.2 Policy Recommendations
As it has been said earlier, the main premise for telecommunications reforms
was to improve efficiency in the sector. Efficiency is important for the sector
to attract capital that could be invested in other industries within the
national borders; but also in regions, for countries to attract the capital that
could be deployed to other countries within the same industry. The second
case is relevant in Africa, as countries compete for investments to deploy
advanced telecommunication infrastructure sourced from international
investors through multinational telecommunications operators. Thus, it is
imperative for countries to improve efficiency in their jurisdictions. In
liberalized markets, the main tools for governments and regulators are
policy instruments. This thesis analysed the efficiency and productivity
growth dynamics in the African market during the transition from
state-controlled to liberalized markets, which was accompanied by high
growth in penetration of mobile telecommunication. Upon this analysis, the
following policy recommendations or implications to further improve the
African telecommunication industry can be drawn.
First, although there is positive growth in efficiency convergence, the growth
rate is very slow (at 1.48 percent per year). This implies that the tendency for
inefficient countries to learn from efficient ones is very limited. Thus, more
efforts should be directed towards studying and documenting best policy
practices within the continent whenever available, so that fellow African
countries with similar socio-economic conditions can improve their policy
environments. For instance, Stork (2011) benchmarked Namibia’s mobile
number portability policy for other African countries to learn how the policy
instrument can stimulate competition in the mobile telecommunication
market in the context of African countries.
Second, African policy makers should devise ways to increase Internet usage
across the continent which is essential for social and economic prosperity.
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Initiatives should be made to increase national fibre networks and provide
affordable international data connectivity, especially for landlocked
countries that have no direct access to the submarine fibre networks. So far,
the countries that have benefited from the Internet boom are those located
along the coast since they can easily access the submarine fibre networks.
Further, since mobile technology is currently the most viable option for last
mile connectivity, countries should encourage investment in data capable
mobile technologies, especially 3G and 4G, through government policies and
regulatory mechanisms such as spectrum allocation. In fact, in most African
countries, 3G networks are already present in major cities. The challenge is
to incentivize network service providers to expand reliable data
infrastructure to small cities and rural areas where the majority of Africans
live.
Third, African countries should strive to improve Managerial Efficiency
Change (EC), especially Pure Efficiency Change (PEC), which deals with
improvement in organizational matters such as industry structure,
management practices, and techniques in utilizing the available technology
to reach more customers, provide more products, and increase firm revenue
and profitability. For example, countries can cut unnecessary investment
costs by promoting infrastructure sharing deals among operators instead of
the current practice where each operator builds and operates the entire
network leading to duplication of expensive infrastructure. While the
technology may be the same, with proper regulation on access,
interconnection and infrastructure sharing, countries can improve
productivity by reducing the investment capital required, thus releasing
capital for other strategic investments and reducing the barrier for new
entrants. Further, shared infrastructure concentrates competition and
innovation in service provision segments instead of network creation and
allows investments in less dense areas to become profitable as the risk in the
network infrastructure investments is shared across the industry (Chanab,
246
El-Darwiche, Hasbani and Mourad, 2007), hence allowing regulators to meet
universal service obligations and expand the telecommunications user base.
Another policy recommendation that can promote Managerial Efficiency
Change (EC) is encouraging horizontal separation of the industry, which will
enable operators to outsource the non-core functions of the
telecommunication operations enterprise to specialized suppliers; thus they
can focus on the core functions. Depending on the policy tools and their
implementation, this policy may have the same effect as infrastructure
sharing by allowing similar functions to be handled and supplied by
specialized providers with better quality services and economies of scale,
allowing operators to reduce their capital expenditure (CAPEX) while
getting similar input services at a fee. For instance, most operators use
similar technologies such as GSM for second generation voice
communications, or WCDMA and LTE for third and fourth generation
mobile communications. Once the network infrastructure owned by each
operator covers the whole country, the comparative advantage from just
ownership of network infrastructure is reduced to little or none.
Already companies have begun to outsource activities such as customer care,
to focus on more critical parts of the network such as divesting in towers and
backhaul networks. For example, since 2010 Millicom International and
Bharti Airtel, which are both major mobile telecommunication providers in
African countries, have been divesting their towers to Helios Towers Africa,
which is a specialized infrastructure company tasked with acquiring,
building, maintaining and operating networks, which it then leases to
network services providers. On the other hand, companies such as Vodacom
Tanzania have maintained their network infrastructure but outsourced the
network management and energy management to a specialized network firm,
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in this instance the Nokia Siemens Network17 . Despite the benefits of
sharing infrastructure either deliberately or leasing from specialized
infrastructure or services providers, regulators should be cautioned of
collusion between firms along the value chain to inflate cost which can
outweigh the benefits of sharing infrastructure to the consumers, the
industry and society.
Fourth, regulators in the African telecommunications industry should devise
strategies to induce more competition in the market. So far most of this work
has been done in increasing competition in mobile voice communications.
Most regulators in the continent have been slashing interconnecting charges
to reflect the actual cost of the service, and as the results have shown,
presence of competition has increased productivity growth, and as other
studies have shown, competition positively influences penetration of
telecommunication services as well (Casey and Toyli, 2012). Caution should
be taken when increasing competition in the market though, especially when
the service reaches saturation, since at that point excessive competition
might have negative effects on investment (Bauer, 2010). However, for
African countries broadband is still at an infancy stage and in many
countries there is still room to increase mobile penetration. As
telecommunication is moving towards data services, more efforts should be
directed towards increasing competition in data, such as through mobile
broadband services, which have low penetration rates.
Fifth, African countries should work on increasing the output of
telecommunications services. Unlike mobile services, in which government
had little to do beyond creating favourable policies and regulatory
mechanisms, with Internet penetration, which is the ultimate infrastructure
for modern knowledge societies, the involvement of government goes beyond
17http://nsn.com/news-events/press-room/press-releases/vodacom-tanzania-outsources-netwo
rk-operations-energy-management-to-nokia-siemens-networks retrieved 26th April 2014
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policy and regulation. Other strategies include Public Private Partnerships
(PPP) such as the collaboration between Microsoft, the government of Kenya
and other stakeholders in the Mawingu initiative to provide white space
based broadband in rural Kenya. Further, governments may stimulate
demand by launching government services and other social interventions
over the Internet such as education, healthcare, and day to day government
information services. Efforts also should be directed towards creation of
meaningful online businesses that can provide innovative solutions to
improve the social economic conditions of the people, which in turn increase
usage of telecommunication services and the industry’s productivity. Across
African countries such as Kenya, Tanzania, Egypt, Nigeria and Uganda
there are government supported ICT incubators that recruit young
entrepreneurs to create Internet services for their local markets. These
efforts not only increase telecommunications industry productivity, but also
create wealth for entrepreneurs, jobs for youths and greater consumer
welfare.
8.3 Contribution of the Thesis
This study offers several unique contributions to the literature on
telecommunications policy, especially for developing countries. First, while
most studies have investigated the adoption of telecommunications services
and the effect of penetration of telecommunications services and
telecommunication infrastructure on economic growth, this study takes a
different route to investigate efficiency and productivity growth in the
African telecommunications industry. To the extent of the author’s
knowledge, there is no other comprehensive study that has entirely focused
on the issue in continental Africa. Hence, this is the first step towards
understanding the efficiency and productivity of the African
telecommunications industry for other research to build on.
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Second, the duration considered in this study captures a very significant
time period that was intentionally chosen to determine the consequences of
liberalization policies on industry efficiency within the context of the African
continent. This is usually difficult due to the challenge in acquiring reliable
data for Africa. The study has offered empirical evidence on the convergence
of efficiency and productivity growth in the African telecommunications
industry as a result of liberalization policies.
Third, at an empirical level, the study has improved the selection of output
variables used in the DEA technique to compute efficiency and productivity
growth. Traditionally, researchers have been using revenue or sales as the
only output indicator. It is argued in this study that revenue represents only
the firm’s perspective, often telecommunication services providers. However,
policy makers are not necessarily interested in firm or industry revenue, but
rather the physical and price-wise accessibility of the service to lead to
universal usability in society. Thus, since the DEA technique allows multiple
inputs and multiple outputs, this study incorporated both policy maker and
firm views on output to provide a richer, wider and more meaningful
analysis of efficiency.
Forth, for policy makers, the study acknowledges the fact that currently
Africa uses communications technology developed elsewhere in the world;
however, the thesis suggests that to sustain the telecommunication sector in
the current settings, efforts should be intensified in managerial productivity
and service innovation. This study has provided policy recommendations
that can be useful to improve productivity in the industry. Such policies
would be to give incentives for firms to increase managerial efficiency and
ultimately for governments to devise ways to promote penetration of
broadband services and utilization of the Internet.
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8.4 Limitations of the Study
Although the study has made major contributions to our understanding of
efficiency and productivity of the African telecommunications industry,
reservations should be kept due to certain limitations. First, this study has
basically taken a macro perspective which tends to observe and analyse
general trends over many countries. With macro studies, some variables
unique to a single country or cluster of countries cannot be captured. Thus,
the detailed conditions of each country were beyond the scope of this study. It
is with this knowledge in mind that one should approach the results of any
macro analysis. This study is not an exception, insofar as one intends to
implement its recommendations to individual countries. Further studies
should be done at micro level to test the results of the macro study, when
intending to implement them to individual countries.
Second, although this study intended originally to cover all African countries,
reliable data were available only for 30 countries for the period under
investigation. This is more than half of the countries in the continent;
naturally, it would have been better to include all African countries. It is
fortunate that more data on African telecommunications industry are now
collected and made publicly available for researchers to access, cross-check
and analysed. Perhaps with time, the data problem will be significantly
reduced.
Third, the Data Envelopment Analysis (DEA) technique has been criticised
as being prone to noise and measurement error. Recently, this problem was
solved by application of nonparametric robust estimators of partial frontiers
(Daraio and Simar, 2007) and bootstrapping procedures (Sadjadi and
Omrani, 2010). However, due to the difficulty in finding appropriate software
to implement these solutions (Salleh, 2012), it will be an endeavour for a
future study, since the improved procedures should provide more robust
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results corrected for data noise while not necessarily inducing different
results.
8.5 Future Research
After this thesis, the author intends to proceed with research on
telecommunications with emphasis on efficiency and productivity in the
sector. As shown in chapter two which introduced the evolution of the
African telecommunications industry, it is clear that there are some very
interesting developments happening in Africa since 2010 beyond the range
covered in this study. In terms of infrastructure development, they include
the increasing capacity of international data connectivity and national
broadband networks. Further, in the wireless category, the deployment of
third generation mobile technology to a wider extent is underway; and fourth
generation mobile technology, Long Term Evolution (LTE) has now been
commercially launched in six African countries: Angola, South Africa,
Namibia, Mauritius, Tanzania and Uganda, providing Africans with fast
mobile connection to the Internet. In fact, from 2009 to 2013, mobile
broadband penetration in the continent increased massively from 0.1 percent
to 10 percent. In case of mobile value added services, there is a new service
for mobile micro insurance, growing at a fast pace and on the platform of
M-Pesa, promising to change the lives of the poor by providing first-hand
experience of insurance cover. All these developments on the ground,
together with better software to analyse efficiency that can correct for data
noise, provide motivation for understanding the effects on the industry
efficiency and productivity growth.
Further, as indicated earlier in this study, Africans receive the lowest
economic dividend from the Internet, despite the fact that developing
countries can benefit enormously from the utilization of telecommunication
services and ICTs in general to gain social and economic development, which
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is sorely needed in African countries. The author intends to further
investigate characteristics of utilization of ICTs in the marginalized
population, and the ways in which ICTs can be used to increase productivity
in enterprises operating in the African context. Through documentation and
analysis of the successful cases in Africa and elsewhere in the world, the
author aims to study in the future policies that can stimulate integration of
ICTs to people’s activities to create a prosperous and resilient society.
Lastly, given the recent development of the African telecommunications
industry, concerns remain whether this success can be sustainable. The
current development of the sector in the continent has mainly been fuelled
by network infrastructure deployment spearheaded by strategic
multinational mobile operators using technologies developed out of Africa.
As Africa’s economy continues to grow, and its telecommunication industry
becomes mature, the continent will need to focus more on innovation of
telecommunication technologies beyond managerial and service innovations.
It is the author’s intent to research policies that enable this transition, a
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